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Abstract
Using business survey data on German manufacturing firms, this paper provides tests for
hypotheses formulated in capital market imperfection theories that predict distributional effects in
the transmission mechanism of monetary policy. Effects of monetary policy shocks on the business
conditions of firms of several size classes are analysed, with the finding of considerable asymmetry.
As predicted by theory, small firms are affected more strongly than large firms. To test whether
these effects are reinforced when the economy is in a business cycle downturn, the paper
employs a new estimation strategy: impulse response analysis conditional on Markov-switching
regimes. The findings are supportive of the theoretical hypotheses: in a business cycle downturn,
the distributional effects of monetary policy transmission are indeed reinforced.
JEL code: E52, E44, C3241 Lqwurgxfwlrq
Qxphurxv uhfhqw sxeolfdwlrqv kdyh ehhq ghyrwhg wr d wkhruhwlfdo dqdo|vlv ri wkh ydu0
lrxv fkdqqhov ri prqhwdu| srolf| wudqvplvvlrq14 Rq wkh hpslulfdo vlgh/ wkh hylghqfh
lv vwloo idu iurp frpsohwh1 Wklv sdshu dlpv wr frqwulexwh ixuwkhu hylghqfh rq wzr
fkdqqhov ri prqhwdu| srolf| wudqvplvvlrq/ qdpho| wkh edodqfh vkhhw dqg wkh fuhglw
fkdqqho1
Wkh edodqfh vkhhw fkdqqho lv exlow rq wkh dujxphqw wkdw dv|pphwulf lqirupd0
wlrq lq wkh fuhglw pdunhwv qhfhvvlwdwhv wkh xvh ri froodwhudo iru eruurzlqj1 Dv d
frqvhtxhqfh/ wkh dydlodelolw| ri fuhglw iru upv lv ghshqghqw rq wkh ydoxh ri wkhlu
dvvhwv1 Li fuhglw pdunhw frqglwlrqv wljkwhq e| ulvlqj lqwhuhvw udwhv/ wklv zloo dhfw
wkh edodqfh vkhhw srvlwlrqv ri upv= kljkhu lqwhuhvw sd|phqwv uhgxfh fdvk  rz dqg
kljkhu lqwhuhvw udwhv orzhu wkh pdunhw ydoxh ri dvvhwv1 D prqhwdu| srolf| wljkwhqlqj
fdq wkxv srvvleo| ohdg wr d uhvwulfwhg dffhvv wr fuhglw iru upv1 Wkh upv zklfk duh
pruh olnho| wr eh dhfwhg e| wklv fkdqqho duh vpdoo upv= gxh wr kljkhu lqirupd0
wlrqdo dv|pphwulhv/ wkh dprxqw ri froodwhudo wkh| kdyh wr sohgjh lv uhodwlyho| kljkhu1
Dgglwlrqdoo|/ ehlqj vpdoo phdqv wkdw wkh| gr qrw glvsrvh ri dv pdq| froodwhudolv0
deoh dvvhwv dv odujh upv gr1 D edodqfh vkhhw zhdnhqlqj gxh wr prqhwdu| srolf|
wljkwhqlqj fdq wkxv frqvlghudeo| glplqlvk wkh froodwhudo ydoxh wkh| kdyh dw wkhlu
glvsrvdo/ dqg wkh| pljkw ehfrph fuhglw0frqvwudlqhg1 Odujh upv duh ohvv dhfwhg e|
wklv fkdqqho/ jlyhq wkhlu ryhudoo kljkhu ohyho ri froodwhudolvdeoh dvvhwv dqg wkh orzhu
froodwhudo uhtxluhphqwv rq wkhlu ordqv1
Wkh fuhglw fkdqqho dovr fuhdwhv d glvsursruwlrqdwh hhfw ri wljkwhu prqhwdu|
frqglwlrqv rq upv ri glhuhqw vl}hv1 Wr wuljjhu r wkh fuhglw fkdqqho lw lv qhfhvvdu|
wkdw wkh fhqwudo edqn kdyh d ohyhudjh ryhu wkh yroxph ri lqwhuphgldwhg fuhglw lq wkh
hfrqrp|1 Wkhq/ d wljkwhu prqhwdu| srolf| ghfuhdvhv wkh yroxph ri fuhglw dydlodeoh wr
eruurzhuv1 Wkh glvwulexwlrqdo hhfw frphv derxw ehfdxvh vrph upv duh uhodwlyho|
pruh ghshqghqw rq lqwhuphgldwhg fuhglw wkdq rwkhuv1 W|slfdoo|/ lw lv hdvlhu iru
odujh upv wr dffhvv rwkhu/ qrq0lqwhuphgldwhg irupv ri h{whuqdo qdqfh/ ehfdxvh wkh
pdunhwv srvvhvv pruh lqirupdwlrq derxw wkhvh upv1 Vpdoo upv/ rq wkh rwkhu kdqg/
kdyh wr uho| rq lqwhuphgldwhg fuhglw wr ryhufrph wkhlu lqirupdwlrqdo glvdgydqwdjh1
Iroorzlqj d prqhwdu| wljkwhqlqj/ lw lv wkhuhiruh uhodwlyho| hdv| iru odujh upv wr
vxevwlwxwh lqwhuphgldwhg fuhglw zlwk rwkhu ixqgv/ zkhuhdv vpdoo upv duh ohvv  h{leoh
dqg khqfh idfh d uhvwulfwhg dydlodelolw| ri ixqgv15
Erwk fkdqqhov ri prqhwdu| srolf| wudqvplvvlrq duh uh hfwhg lq wkhrulhv ri fuhglw
4Iru dq ryhuylhz vhh Fhffkhwwl/ V1 +4<<8,1
5Dqrwkhu olqh ri dujxphqw lv wkdw vpdoo upv rq dyhudjh kdyh d kljkhu jurzwk udwh +zklfk lv
lq frqwudvw wr Jleudw*v odz/ exw riwhq irxqg hpslulfdoo|/ dv h1j1 e| Hydqv/ 4<;:,/ wkhuhe| fuhdwlqj
kljkhu fdslwdo uhtxluhphqwv/ dqg d vwurqjhu yxoqhudelolw| wr wkh fuhglw fkdqqho1pdunhw lpshuihfwlrqv olnh wkrvh ri Ehuqdqnh dqg Jhuwohu +4<;<, dqg Nl|rwdnl dqg
Prruh +4<<:,1 Vhyhudo uhfhqw sxeolfdwlrqv +h1j1/ Fkulvwldqr hw do1 +4<<9, dqg Jhuwohu
dqg Jlofkulvw +4<<7,, kdyh surylghg vxssruwlyh hylghqfh iru wkh XV hfrqrp|= xvlqj
up vl}h dv d sur{| iru fdslwdo pdunhw dffhvv/6 wkh| gr lqghhg qg wkdw vpdoo upv
duh dhfwhg pruh vwurqjo| e| fkdqjhv lq prqhwdu| srolf| vwdqfh1
Wkh vwuhqjwk ri erwk wudqvplvvlrq fkdqqhov ghshqgv rq wkh skdvh ri wkh exvl0
qhvv f|foh= wkhru| suhglfwv wkdw erwk duh vwurqjhu lq d grzqwxuq1 Wkh edodqfh
vkhhw fkdqqho ehfrphv pruh srwhqw ehfdxvh qhw zruwk ri upv idoov lq grzqwxuqv/
zlwk d fruuhvsrqglqj ghwhulrudwlrq ri edodqfh vkhhw srvlwlrqv> wkh fuhglw fkdqqho lv
vwuhqjwkhqhg ehfdxvh lq d grzqwxuq ghidxow suredelolwlhv ulvh/ wkxv lqfuhdvlqj wkh
frvw ri lqwhuphgldwhg fuhglw dqg vwduwlqj d  ljkw wr txdolw|/ zklfk uhvwulfwv vpdoo
upv hyhq pruh wkdq lq rwkhu exvlqhvv f|foh skdvhv1
Jhuwohu dqg Jlofkulvw +4<<7, vkrz wkdw/ lqghhg/ vpdoo upv* uhdfwlrqv wr vkrfnv wr
wkh Ihghudo Ixqgv Udwh duh ghshqghqw rq wkh exvlqhvv f|foh srvlwlrq1 Shuh}0Txlurv
dqg Wlpphupdqq +STW 0 5333, hpsor| d Pdunry0vzlwfklqj iudphzrun wr h{dplqh
wkh hhfwv ri lqwhuhvw udwh lqfuhdvhv dqg oltxlglw| vtxhh}hv rq vwrfn uhwxuqv iru vl}h0
vruwhg sruwirolrv> wkh| frqup/ uvwo|/ wkdw vpdoo upv duh dhfwhg pruh vwurqjo|
e| wljkwhqlqj prqhwdu| frqglwlrqv dqg/ vhfrqgo|/ wkdw wkhvh hhfwv duh uhlqirufhg li
wkh hfrqrp| lv lq d uhfhvvlrq1
Wr gdwh/ doo wlph vhulhv hylghqfh kdv ehhq h{foxvlyho| frqfhuqhg zlwk wkh XV
hfrqrp|1 Vr idu/ qr wlph vhulhv vwxg| rq Hxurshdq hfrqrplhv kdv ehhq shuiruphg/
iru d vwudljkwiruzdug uhdvrq= wlph vhulhv gdwd rq vpdoo upv duh h{wuhpho| gl!fxow
wr qg iru Hxurshdq hfrqrplhv1 Vwrfn uhwxuqv dv lq STW +5333, duh qrw dq rs0
wlrq ehfdxvh lq Hxurshdq hfrqrplhv/ xqwlo uhfhqwo|/ vpdoo upv w|slfdoo| zhuh qrw
wudghg rq dq| h{fkdqjh1 Txduwhuo| Ilqdqfldo Uhsruwv dv lq Jhuwohu dqg Jlofkulvw
+4<<7, duh sxeolvkhg iru vrph frxqwulhv/ exw jhqhudoo| gr qrw vsdq d vx!flhqwo| orqj
wlph shulrg wr vwduw dq hfrqrphwulf dqdo|vlv1 Dqqxdo edodqfh vkhhw gdwd/ zklfk duh
dydlodeoh iru vpdoo upv/ gr qrw doorz lqihuhqfh dw kljkhu iuhtxhqflhv1 Uhvhdufk rq
Hxurshdq hfrqrplhv kdv wkhuhiruh h{foxvlyho| hpsor|hg sdqho gdwd vhwv/ qrupdoo|
frquplqj wkdw up vl}h pdwwhuv17 Wkh xvh ri sdqho gdwd vhwv lv qrw zlwkrxw gudz0
edfnv/ krzhyhu/ ehfdxvh prvw ri wkhp duh fulwlflvhg iru ehlqj eldvhg wrzdugv odujh
upv1
Wkh suhvhqw sdshu lv wkhuhiruh wkh uvw wr surylgh wlph vhulhv hylghqfh iru d
Hxurshdq hfrqrp|1 Lw xvhv d gdwd vhw iru Jhupdq| wkdw lv qrw vxemhfw wr wkh
6Zdwvrq +4<<<, vkrzv wkdw wkh vl}h ri d up lv d jrrg sur{| iru lwv fdslwdo pdunhw dffhvv> rwkhu
sur{lhv frxog qrw rxwshuirup vl}h lq khu vwxg|1
7Urqgl hw do1 +4<<;,/ ru Zdwvrq +4<<<,/ xvlqj dqqxdo edodqfh vkhhw gdwd/ qg hylghqfh wkdw
vpdoo dqg odujh upv uhdfw glhuhqwo| wr prqhwdu| wljkwhqlqjv1 Iru d frpsuhkhqvlyh ryhuylhz ri
wkh Hxurshdq hylghqfh vhh Prmrq +4<<<,1
6                                                                                                    ECB Working Paper No 21 l May 2000vkruwfrplqjv phqwlrqhg> lw lqfoxghv yhu| vpdoo upv +407< hpsor|hhv,/ lv dydlodeoh
dw d prqwko| iuhtxhqf| dqg jrhv edfn idu hqrxjk wr shuplw wlph vhulhv lqihuhqfh1
Wkh gdwd vhw zloo eh ghvfulehg lq vhfwlrq 5 ri wklv sdshu1 Vhfwlrq 6 h{soruhv zkhwkhu
vpdoo upv duh dhfwhg glvsursruwlrqdwho| e| prqhwdu| wljkwhqlqjv/ dqg wr zkdw
h{whqw upv* h{fkdqjh udwh vhqvlwlylw| ydulhv dfurvv vl}h fodvvhv1 Vhfwlrq 7 wulhv wr
lghqwli| zkhwkhu wkh dv|pphwu| dulvhv gxh wr ghpdqg ru vxsso| vlgh idfwruv1 Lq
d ixuwkhu vwhs/ vhfwlrq 8 fkhfnv iru exvlqhvv f|foh dv|pphwulhv ri prqhwdu| srolf|
hhfwv1 Hyhqwxdoo|/ vhfwlrq 9 ghdov zlwk wkh h{shfwdwlrq irupdwlrq ri upv lq rughu
wr vhh zkhwkhu wkh| pluuru wkh glvwulexwlrqdo hhfwv ri prqhwdu| srolf|1 Vhfwlrq :
frqfoxghv1
51 Gdwd Ghvfulswlrq
Hdfk prqwk/ wkh Jhupdq lir0Lqvwlwxwh iru Hfrqrplf Uhvhdufk frqgxfwv d exvlqhvv
vxuyh| dprqj pruh wkdq ;/333 upv1 Ri wkhvh/ dssur{lpdwho| 6/333 ehorqj wr wkh
Zhvw Jhupdq pdqxidfwxulqj lqgxvwu| dqg irup wkh vxevdpsoh xvhg lq wklv sdshu1
L zloo xvh wkh dqvzhuv wr wkuhh ri wkh txhvwlrqv/ qdpho|/ rq wkh exvlqhvv frqglwlrqv
ri upv/ wkh ghpdqg vlwxdwlrq dqg wkh h{shfwdwlrqv ri exvlqhvv frqglwlrqv1 Ilupv
duh lqylwhg wr dqvzhu wkhvh txhvwlrqv lq wkh iroorzlqj zd|v=
 Dw suhvhqw/ zh frqvlghu rxu exvlqhvv frqglwlrqv wr eh l, jrrg/ ll, vdwlvidfwru|
+xvxdo iru wkh vhdvrq,/ lll, edg
 Rxu ghpdqg vlwxdwlrq/ frpsduhg wr wkh odvw prqwk/ kdv l, lpsuryhg/ ll,
uhpdlqhg xqfkdqjhg/ lll, ghwhulrudwhg
 Zlwk uhjdug wr wkh exvlqhvv f|foh/ rxu exvlqhvv frqglwlrqv zloo/ ryhu wkh
qh{w 9 prqwkv/ l, udwkhu lpsuryh/ ll, vwd| dssur{lpdwho| wkh vdph/ lll, udwkhu
ghwhulrudwh8
Er{hv duh surylghg qh{w wr hdfk dqvzhu> wkh upv kdyh wr wlfn wkh er{ dffruglqj
wr wkhlu fkrlfh1 Wkdw wkh txhvwlrqv rq exvlqhvv frqglwlrqv dqg h{shfwdwlrqv duh
sxw lq d yhu| jhqhudo zd|/ zlwkrxw uhvwulfwlqj wkh srwhqwldo vhw ri fulwhuld wkdw fdq
lq xhqfh wkh dqvzhu/ lv lqwhqwlrqdo1 Wkh lghd ehklqg wklv lv wkdw upv wkhpvhoyhv
fdq ehvw ghflgh zklfk idfwruv duh ghflvlyh iru wkhlu whupv ri exvlqhvv1 Iru hdfk
txhvwlrq/ doo dqvzhuv duh djjuhjdwhg wr dq lqgh{ yduldeoh e| vxewudfwlqj wkh vkduh ri
0dqvzhuv +wklug rswlrq, iurp wkh vkduh ri .dqvzhuv +uvw rswlrq,1 Wkh lqglfhv
fdq wkhuhiruh wdnh dq| ydoxh ehwzhhq .4 dqg 04/ zlwk wkh h{wuhph fdvhv rffxuulqj
zkhq doo upv dqvzhu zlwk . ru 01
8Wkh Jhupdq ruljlqdo lv Xqvhuh Jhvfkçiwvodjh zlug lq ghq qçfkvwhq 9 Prqdwhq lq nrqmxqn0
wxuhoohu Klqvlfkw l, hkhu j qvwljhu/ ll, hwzd johlfk eohlehq/ lll, hkhu xqj qvwljhu1
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fdwlrqv=
Vl}h Fodvv 45 6 7 8
Hpsor|hhv 407< 8304<< 53307<< 8330<<< 4/333
( ri vdpsoh 49( 66( 56( 46( 48(
Dowkrxjk wkh lir0Lqvwlwxwh*v exvlqhvv vxuyh| vwduwhg lq 4<7</ wklv w|sh ri glvdj0
juhjdwlrq fdq eh wudfhg edfn xqwlo Mxo| 4<;4 rqo|1 Wkh odwhvw revhuydwlrq lqfoxghg
lq wkh dqdo|vlv khuh lv 4<<;=451 Dv dq looxvwudwlrq/ jxuhv 4 dqg 5 vkrz wkh exvlqhvv
frqglwlrqv dqg wkh exvlqhvv h{shfwdwlrqv iru wkh odujhvw dqg vpdoohvw upv1 Lw fdq
eh hdvlo| vhhq wkdw wkh vhulhv ydu| frqvlghudeo| dfurvv up vl}h1
Wdeohv 4 dqg 5 jlyh d eulhi uvw dqdo|vlv ri wkh vhulhv1 Lqwhuhvwlqjo|/ doo wkh
ghvfulswlyh vwdwlvwlfv +l1h1/ phdq dqg frh!flhqw ri yduldwlrq, h{klelw d prqrwrqlf
uhodwlrqvkls ehwzhhq wkh vl}h fodvvhv/ iru erwk wkh exvlqhvv frqglwlrqv dqg h{shfwd0
wlrqv1 Wklv prqrwrqlflw| zloo uhdsshdu lq vhyhudo uhvxowv wkurxjkrxw wkh sdshu dqg
vxjjhvwv wkdw vl}h lv dq lpsruwdqw idfwru lq h{sodlqlqj up ehkdylrxu1
Vl}h Fodvv 4 +vpdoohvw, 5 6 7 8 +odujhvw,
Exvlqhvv Frqglwlrqv 0144; 01397 0137; 01353 01339
Exvlqhvv H{shfwdwlrqv 015:< 01496 01386 0137: 01335
W d e o h4 =P h d qr iV h u l h v
Vl}h Fodvv 4 +vpdoohvw, 5 6 7 8 +odujhvw,
Exvlqhvv Frqglwlrqv 0474 0656 0758 043<8 06<4:
Exvlqhvv H{shfwdwlrqv 0<; 04;5 0869 0893 048583
Wdeoh 5= Frh!flhqw ri Yduldwlrq ri Vhulhv
Wkh txhvwlrqv rq wkh fxuuhqw frqglwlrqv ri exvlqhvv dqg wkh h{shfwdwlrqv iru wkh
qh{w vl{ prqwkv irup wkh edvlv iru wkh lir exvlqhvv folpdwh lqgh{/ dq lqglfdwru
zklfk lv zlgho| xvhg lq Jhupdq exvlqhvv f|foh dqdo|vlv ehfdxvh ri lwv jrrg txdolw|
dv d ohdglqj lqglfdwru1 Lqghhg/ dv lv vkrzq lq wdeoh 6 lq wkh dsshqgl{/ wkh fruuh0
odwlrqv ri wkh gdwd zlwk wkh exvlqhvv f|foh lv vwulnlqj dqg fohduo| vkrzv d ohdglqj
sdwwhuq1 Exvlqhvv frqglwlrqv ohdg ghyldwlrqv iurp wuhqg lq lqgxvwuldo surgxfwlrq e|
rqh txduwhu/ dqg kdyh d fruuhodwlrq frh!flhqw ri 31;8 iru prvw vl}h fodvvhv1 Wkh
exvlqhvv h{shfwdwlrqv ohdg e| hyhq pruh/ qdpho| e| wzr txduwhuv/ dqg dovr vkrz d
kljk fruuhodwlrq zlwk wkh dfwxdo rxwsxw jxuhv1 Iru d judsklfdo dqdo|vlv vhh jxuhv
6 dqg 719
9Iljxuhv 6 dqg 7 vkrz wkh edqgsdvvhg txduwhuo| vhulhv ri lqgxvwuldo surgxfwlrq/ exvlqhvv frqgl0
wlrqv dqg exvlqhvv h{shfwdwlrqv1 Wkh owhu xvhv rqo| wkh exvlqhvv f|foh iuhtxhqflhv +9 0 65 txduwhuv,
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|vlv ri pdfurhfrqrplf lvvxhv1 Iluvwo|/ lw fdq eh dujxhg wkdw wkh dffhvv wr uhohydqw
lqirupdwlrq glhuv dfurvv vl}h fodvvhv/ wkxv ohdglqj wr glhuhqw uhvsrqvh sdwwhuqv1
Vhfrqgo|/ wkh vhulhv gr qrw uhsruw kdug dqg txdqwldeoh idfwv ri wkh upv* vlwx0
dwlrq/ exw lqvwhdg rqo| frqwdlq wkh shufhswlrqv ri upv1 Qrwklqj jxdudqwhhv wkdw
wkh shufhswlrqv ri upv duh/ hyhq zkhq djjuhjdwhg/ rq dyhudjh fruuhfw1 Wkdw wkh
phdq ri wkh vhulhv glhuv dfurvv vl}h fodvvhv frxog jlyh dq lqglfdwlrq rq wklv lvvxh
0 lw lv srvvleoh wkdw vpdoo upv duh frqvlvwhqwo| ryhushvvlplvwlf/ ohdglqj wr d orzhu
phdq wkdq iru odujh upv1 Li wklv zhuh wkh fdvh/ wkh gdwd dqdo|vlv frxog eh hdvlo|
uhvfxhg e| ghphdqlqj wkh vhulhv1 Wkh lvvxh zrxog ehfrph pruh sureohpdwlf li d
shufhswlrq eldv ydulhg ryhu wkh exvlqhvv f|foh1 Lq wklv fdvh hylghqfh rq exvlqhvv
f|foh dv|pphwulhv zrxog ehfrph vsxulrxv1 Krzhyhu/ wkhuh lv hylghqfh wkdw wkh gdwd
duh iuhh ri vxfk eldvhv1 Wkh kljk fruuhodwlrq ri doo vhulhv zlwk wkh exvlqhvv f|foh/
dqg hvshfldoo| wkh idfw wkdw wkhvh fruuhodwlrqv duh qrw vljqlfdqwo| glhuhqw dfurvv
vl}h fodvvhv vxjjhvwv wkdw wkh vhulhv gudz d udwkhu dffxudwh slfwxuh ri dfwxdo exvlqhvv
frqglwlrqv1 L dp wkhuhiruh frqghqw lq dvvxplqj wkdw wkh exvlqhvv vxuyh| gdwd fdq
jlyh hylghqfh derxw wkh hhfwv ri prqhwdu| srolf| rq upv dqg gr qrw uhvwulfw wkh
dqdo|vlv wr rqh ri wkh shufhswlrq ri upv1:
Vlqfh L lqwhqg wr gudz lqihuhqfhv derxw wkh vl}h hhfwv ri prqhwdu| srolf|/ lw lv
qhfhvvdu| wr fkhfn zkhwkhu wkh gdwd fdq jlyh xqeldvhg lqirupdwlrq rq wklv1 Li lw zhuh
wkh fdvh wkdw vrph vl}h fodvv zhuh grplqdwhg e| d fhuwdlq lqgxvwu|/ lqihuhqfhv gudzq
iurp wkh gdwd vhw zrxog dfwxdoo| qrw uhsruw vl}h hhfwv exw udwkhu lqgxvwu| hhfwv
ri prqhwdu| srolf|1 Krzhyhu/ orrnlqj dw wkh lqgxvwu| euhdngrzq ri wkh gdwd vhw lw
ehfrphv fohdu wkdw qr vxfk eldv lv suhvhqw1 Pdqxidfwxulqj lqgxvwu| frpsulvhv 5:
vxevhfwruv dffruglqj wr wkh lir0Lqvwlwxwh*v fodvvlfdwlrq vfkhph1 Hyhq wkrxjk prvw
lqgxvwulhv fryhu doo vl}h fodvvhv/ wklv lv qrw wkh fdvh iru doo ri wkhp1 H{fhswlrqv duh
wkh zrrg lqgxvwu|/ zklfk frpsulvhv vl}h fodvvhv 4 wr 6 rqo|/ fdu pdqxidfwxulqj +vl}h
fodvvhv 5 wr 8 rqo|,/ fhudplfv +4 wr 7,/ sdshu +4 wr 7,/ rwkhu surgxfwlrq jrrgv +6 wr
8,/ dqg rwkhu frqvxphu jrrgv +4 wr 6,1 Wklv pdnhv 9 rxw ri 5: lqgxvwulhv/ prvw ri
zklfk +zlwk wkh h{fhswlrq ri fdu pdqxidfwxulqj, kdyh d uhodwlyho| vpdoo vkduh lq wkh
djjuhjdwh lqgxvwuldo surgxfwlrq1 L wkhuhiruh uhjdug dq| srvvleoh eldvhv dv qhjoljleoh>
wkh uhvxowv rewdlqhg zlwk wkh exvlqhvv vxuyh| gdwd vhw uh hfw vl}h fodvv glhuhqfhv
udwkhu wkdq lqgxvwu| fkdudfwhulvwlfv1
ri wkh gdwd dqg uhpryhv kljkhu iuhtxhqflhv olnh vhdvrqdolw| dqg orzhu iuhtxhqflhv olnh wuhqgv1 Iru d
uhihuhqfh/ vhh Nlqj dqg Zdwvrq +4<<9,1
:Iru rwkhu uhfhqw sdshuv zklfk xvh wkh vdph nlqg ri gdwd vxffhvvixoo| vhh Exfnoh dqg Phdgv
+4<<4, dqg Prwrqlvkl dqg \rvklndzd +4<<<,1
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wkh jurzwk udwh ri P6/ wkh fkdqjh lq wkh orjdulwkp ri wkh h{fkdqjh udwh djdlqvw
wkh XV groodu/ lqgxvwuldo surgxfwlrq dqg d wkuhh prqwkv* prqh| pdunhw udwh/ doo






/ d prqrwrqlfdoo| lqfuhdvlqj wudqvirupdwlrq wkdw pdsv wkh gdwd iurp
wkh ^04/4`0lqwhuydo wr wkh ^04/.4`0lqwhuydo> d pruh ghwdlohg h{sodqdwlrq lv surylghg
lq dsshqgl{ D141 Doo rwkhu yduldeohv/ zlwk wkh h{fhswlrq ri lqwhuhvw udwhv/ duh lq orj0
dulwkpv +wkh jurzwk udwhv duh dqqxdolvhg glhuhqfhv ri wkh yduldeohv lq orjdulwkpv,1
61 Prqhwdu| Srolf| dqg Exvlqhvv Frqglwlrqv
Lq rughu wr dqdo|vh wkh hhfwv zklfk prqhwdu| srolf| fdq kdyh rq upv ri glhuhqw
vl}hv/ L hpsor| Vwuxfwxudo Yhfwru Dxwruhjuhvvlrqv +VYDUv,1 Lq sduwlfxodu/ L dp jrlqj
wr xvh wkh lghqwlfdwlrq dssurdfk vxjjhvwhg e| Nlqj/ Sorvvhu/ Vwrfn dqg Zdwvrq
+NSVZ 0 4<<4,1 VYDU prghov lqyhvwljdwh wkh uhvsrqvh ri yduldeohv lq wkh YDU wr
vkrfnv1 Lq jhqhudo/ prqhwdu| srolf| dqdo|vlv lv shuiruphg e| orrnlqj dw wkh uhvsrqvhv
ri rxwsxw dqg lq dwlrq wr d vkrfn lq wkh lqwhuhvw udwh ru d prqhwdu| djjuhjdwh1 Wkh
NSVZ iudphzrun doorzv iru d pruh frpsoh{ vhw0xs 0 khuh/ prqhwdu| srolf| dqdo|vlv
fdq eh prghoohg lq whupv ri vkrfnv wr wkh frlqwhjudwlrq uhodwlrqv/ dqg dv vxfk lv qrw
uhvwulfwhg wr vkrfnv wr vlqjoh yduldeohv1 Dv d pdwwhu ri idfw/ d prqhwdu| srolf| vkrfn
zloo eh prghoohg dv d vkrfn wr wkh lqwhuhvw udwh dqg d vkrfn +zlwk rssrvlwh vljq, wr
wkh prqh| jurzwk udwh1 D pruh ghwdlohg glvfxvvlrq ri erwk VYDU prghov dqg wkh
NSVZ surfhgxuh lv surylghg lq dsshqgl{ D151
Wkh hvwlpdwlrqv vwduw zlwk d yhu| vlpsoh edvholqh prgho/ vlpso| wr hqvxuh wkdw
prqhwdu| srolf| hhfwv duh surshuo| lghqwlhg1 Lq rughu wr lqyhvwljdwh wkh glhu0
hqwldo lpsdfw ri prqhwdu| srolf| dfwlrqv rq upv ri glhuhqw vl}h/ wkh prgho zloo
vxevhtxhqwo| eh h{whqghg1
6141 Wkh Edvholqh Prgho
Wkh edvholqh prgho frqvlvwv ri d irxu0yduldwh YDU zlwk [| @^ Gp| ls| l| |`
￿/
zkhuh [| ghqrwhv d yhfwru lqfoxglqj wkh jurzwk udwh ri P6 +Gp|,/ lqgxvwuldo sur0
gxfwlrq +ls|,/ wkh vkruw0whup lqwhuhvw udwh +l|, dqg surgxfhu sulfh lq dwlrq +|,1;
;Wkh fkrlfh ri surgxfhu sulfh lq dwlrq dv wkh lq dwlrq phdvxuh kdv ehhq pdgh ehfdxvh surgxfhu
sulfhv/ xqolnh frqvxphu sulfhv/ duh qrw dhfwhg e| lqgluhfw wd{ lqfuhdvhv1 Wkh frqvxphu sulfh lqgh{
+FSL, iru Jhupdq| zdv vxemhfw wr elj mxpsv hdfk wlph lqgluhfw wd{hv zhuh lqfuhdvhg1 Wkhvh mxpsv
zhuh hvshfldoo| vhyhuh diwhu Jhupdq xqlfdwlrq/ zkhq wkh wd{ lqfuhdvhv zhuh sduwlfxoduo| odujh
dqg/ dgglwlrqdoo|/ wkh olehudolvdwlrq ri Hdvw Jhupdq uhqwv lq wzr urxqgv ihg lqwr wkh FSL1 Diwhu
fruuhfwlqj iru wkhvh hhfwv surgxfhu dqg frqvxphu sulfh lq dwlrq vkrz d yhu| vlplodu sdwwhuq1 Wkh
fkrlfh ri surgxfhu sulfh lq dwlrq wkhuhiruh pdnhv wkh lqwurgxfwlrq ri fruuhfwlqj gxpp| yduldeohv
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revhuydwlrqv1 Vlqfh wkh dlp ri wklv sdshu lv wr lghqwli| hhfwv ryhu wkh exvlqhvv
f|foh/ vhdvrqdolw| dqg orqj0uxq wuhqgv duh holplqdwhg e| wkh lqfoxvlrq ri vhdvrqdo
gxpplhv dqg wkh xvh ri ghwuhqghg yduldeohv1 Wkh odwwhu lv dfklhyhg e| vlpso| uh0
juhvvlqj wkh gdwd rq d olqhdu wuhqg1 Vl{ odjv duh lqfoxghg lq wkh prghov/ zklfk duh
hvwlpdwhg dv Yhfwru Huuru Fruuhfwlrq prghov +YHFPv, wr doorz iru wkh srvvlelolw|
ri frlqwhjudwlrq1
Dv d pdwwhu ri idfw/ wkh frlqwhjudwlrq dqdo|vlv iru wklv edvholqh prgho vxjjhvwv
wkh h{lvwhqfh ri frlqwhjudwlrq uhodwlrqv +vhh wdeoh 7,1 Wkuhh srvvleoh frlqwhjudwlrq
uhodwlrqv frph wr plqg= ghyldwlrqv ri rxwsxw iurp wuhqg vkrxog eh vwdwlrqdu|/ eh0
fdxvh wkh| irup d exvlqhvv f|foh lqglfdwru dqg dv vxfk vkrxog eh phdq uhyhuwlqj>
hfrqrplf wkhru| vxjjhvwv ixuwkhupruh wkdw uhdo lqwhuhvw udwhv duh vwdwlrqdu|1 Wkh
wklug frlqwhjudwlqj yhfwru dvvxphv wkdw lq wkh orqj uxq/ prqh| jurzwk +srvvleo|
prqh| jurzwk h{fhhglqj vrph frqvwdqw udwh, htxdov lq dwlrq/ zklfk lpsrvhv vx0
shuqhxwudolw| ri prqh|1< D frlqwhjudwlrq udqn ri wkuhh vhhpv sodxvleoh d sulrul/d q g
wkh whvw vwdwlvwlfv fdq eh uhdg lq wklv zd|1 Lq wkh iroorzlqj wkh h{lvwhqfh ri wkuhh
frlqwhjudwlrq uhodwlrqv lv wkhuhiruh dvvxphg1
Wkh frlqwhjudwlqj yhfwruv fdq eh irupxodwhg dv iroorzv=
Gp| ls| l| |
￿
￿ = 34 3 3
￿
2 = 33 4 0 4
￿
￿ = 4 330 4
d k|srwkhvlv zklfk fdqqrw eh uhmhfwhg lq d fruuhvsrqglqj whvw/ dv vkrzq lq wdeoh
8 lq wkh dsshqgl{143 Zlwk wklv vshflfdwlrq ri wkh frlqwhjudwlqj yhfwruv dqg wkh
frlqwhjudwlrq udqn vhw wr u @6 / L fdq qrz surfhhg zlwk wkh lpsxovh uhvsrqvh dqdo|vlv
ri wkh v|vwhp1 Wkh prqhwdu| srolf| vkrfn lv h{shfwhg wr eh wudqvlwru|/ ehfdxvh
diwhu vrph wlph doo irxu yduldeohv vkrxog uhwxuq wr edvholqh +Q1E1 wkdw wklv douhdg|
xqqhfhvvdu|1
<Wklv lv ghulyhg dqg vkrzq wr eh hpslulfdoo| uhohydqw lq Furzghu +4<<:,= Kh dvvxphv dq djjuh0




|n￿3{R|n￿/z k h u h{+| lv jurzwk ri uhdo rxwsxw/
dqg {+
s
| ghqrwhv uhdo rxwsxw jurzwk dw ixoo hpsor|phqw/ dqg prqh| ghpdqg 6| 3 R| ' sE+|c1
Wkh htxloleulxp uhodwlrqvklsv duh {+| '{ +
s
| dqg prqh| ghpdqg ehlqj htxdo wr prqh| vxsso|1 Lq
vwhdg| vwdwh lw wkhuhiruh kdv wr eh wkh fdvh wkdw {6| '{ R
e
| '{ R|1 Wkh xqghuo|lqj dvvxpswlrq
ri d vwdeoh prqh| ghpdqg +zlwk xqlw lqfrph hodvwlflw|, kdv irxqg frqvlghudeoh vxssruw iru wkh
Jhupdq fdvh> iru d uhfhqw h{dpsoh vhh Kxeulfk/ N1 +4<<<,1
43Lq rqh fdvh/ wkh s0ydoxh ri wkh whvw rq wkh frlqwhjudwlrq uhodwlrqv lv rq wkh erughuolqh zlwk 31361
Lq vpdoo vdpsohv/ wkhuh lv d eldv wrzdugv ryhuuhmhfwlrq ri wkh qxoo/ dv vkrzq e| Srglylqvn| +4<<5,1
Wklv dqg wkh idfw wkdw wkh s0ydoxhv iru wkh rwkhu prghov duh fohduo| deryh wkh xvxdo frqghqfh ohyho
pdnh ph vwlfn wr wkh whvwhg qxoo1
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lghqwli| wkh vxev|vwhp ri wudqvlwru| vkrfnv rqo|1 Wr gr vr/ dgglwlrqdo u+u4,@5@6
lghqwlfdwlrq uhvwulfwlrqv pxvw eh lpsrvhg1 Uhjduglqj wkh prqhwdu| srolf| vkrfn/
wkh vshflfdwlrq fkrvhq khuh lv idluo| vwdqgdug lq dvvxplqj wkdw prqhwdu| srolf|
fdq dhfw qhlwkhu rxwsxw qru lq dwlrq zlwklq wkh vdph prqwk1
Wkh uhvxowlqj lpsxovh uhvsrqvhv duh surylghg lq wkh uvw irxu judskv ri jxuh
8 lq wkh dsshqgl{1 Doo uhvsrqvhv duh suhvhqwhg zlwk 	0huuru erxqgv1 Wkh prq0
hwdu| srolf| vkrfn lv irxqg wr eh d frpelqdwlrq ri d vkrfn wr wkh prqh| jurzwk
udwh dqg wr lqwhuhvw udwhv= d ghfuhdvh lq prqh| jurzwk soxv dq lqfuhdvh lq lqwhu0
hvw udwhv frqvwlwxwh d frqwudfwlrqdu| prqhwdu| srolf| vkrfn1 Wklv vkrfn lv iroorzhg
e| d ghfuhdvh lq erwk lq dwlrq dqg lqgxvwuldo surgxfwlrq1 Doo lpsxovh uhvsrqvhv
duh dv h{shfwhg d sulrul/ zklfk lqglfdwhv wkdw wkh edvholqh prgho kdv vxffhhghg lq
lghqwli|lqj prqhwdu| srolf| lqqrydwlrqv145
6151 Prqhwdu| Srolf| Wudqvplvvlrq wr Exvlqhvv Frqglwlrqv
Diwhu kdylqj lghqwlhg prqhwdu| srolf| vkrfnv lq wkh edvholqh prgho/ wkh hhfwv rq
wkh exvlqhvv frqglwlrqv iru upv ri glhuhqw vl}h duh lqyhvwljdwhg1 Wkh hvwlpdwlrq
vwudwhj| iroorzhg lv wr vxevwlwxwh rqh ri wkh exvlqhvv frqglwlrqv yduldeohv +ef￿c|,
iru exvlqhvv f|foh yduldeoh ghyldwlrqv ri lqgxvwuldo surgxfwlrq iurp wuhqg +ls|,/
hdfk lq wxuq1 Wkdw lv/ wkh prgho lv uh0hvwlpdwhg yh wlphv/ zlwk Gp|/ l| dqg |
xqfkdqjhg/ dqg wkh exvlqhvv f|foh yduldeoh ydu|lqj iurp Exvlqhvv frqglwlrqv iru
vl}h fodvv 4 +vpdoohvw, wr Exvlqhvv frqglwlrqv iru vl}h fodvv 8 +odujhvw,1 Djdlq/ wkh
frlqwhjudwlrq dqdo|vlv vxjjhvwv wkuhh frlqwhjudwlqj yhfwruv/ dqg wkh k|srwkhvhv rq
wkh frlqwhjudwlqj yhfwruv fdqqrw eh uhmhfwhg +vhh wdeohv 7 dqg 8,1
Wkh fruuhvsrqglqj lpsxovh uhvsrqvhv duh sorwwhg lq wkh vhfrqg dqg wklug urzv
ri jxuh 8 lq wkh dsshqgl{1 Qrw vxusulvlqjo|/ wkh exvlqhvv frqglwlrqv iru doo upv
zruvhq diwhu d wljkwhqlqj ri prqhwdu| srolf|1 Wkh sdwwhuq ri uhvsrqvhv lv yhu| vlplodu
wr wkdw ri wkh ghyldwlrqv ri lqgxvwuldo surgxfwlrq iurp wuhqg/ pluurulqj wkh forvh
44Dfwxdoo|/ wkh shuvlvwhqw vkrfn lv d qrplqdo vkrfn/ wrr 0 lw dhfwv wkh qrqvwdwlrqdu| yduldeohv
lq wkh YDU/ l1h1 shupdqhqwo| dowhuv wkh ohyhov ri lq dwlrq/ prqh| jurzwk dqg2ru lqwhuhvw udwhv1
Wkh lqwhusuhwdwlrq ri vxfk d vkrfn frxog eh rqh ri d fkdqjlqj lq dwlrq wdujhw ri wkh Exqghvedqn1
Krzhyhu/ vxfk d vkrfn lv gl!fxow wr uhfrqfloh zlwk wkh dfwxdo sdwwhuq ri wkh Exqghvedqn*v prqhwdu|
srolf|> L frqvlghu lw pruh uhdvrqdeoh wr dvvxph wkdw wkh qrqvwdwlrqdulw| ri wkh vhulhv lv d pdwwhu ri
wkh vdpsoh vl}h udwkhu wkdq rqh ri dfwxdo surshuwlhv ri wkh wlph vhulhv 0 ryhu wkh vkruw vdpsoh/ wkh
vhulhv dsshdu wr eh lqwhjudwhg1 Wklv phdqv wkdw wkh vhulhv kdyh wr eh prghoohg dv qrqvwdwlrqdu| iru
hfrqrphwulf uhdvrqv/ exw wkdw wkh qrqvwdwlrqdulw| ri wkh vhulhv lv pruh d vwdwlvwlfdo udwkhu wkdq dq
hfrqrplfdoo| lqwhusuhwdeoh surshuw|1
45Doo wkh uhvxowv lq wklv sdshu duh vxusulvlqjo| urexvw1 Hyhq fkdqjhv lq wkh yduldeohv/ olnh vxevwl0
wxwlqjP5iruP6/ohdyhwkhuhvxowvedvlfdoo|xqdowhuhg1
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wkdw d prqhwdu| wljkwhqlqj dhfwv upv ri doo vl}h fodvvhv qhjdwlyho|1 Krzhyhu/ lw lv
qrw |hw srvvleoh wr gudz dq| frqfoxvlrqv derxw wkh dv|pphwulf lpsdfwv d prqhwdu|
wljkwhqlqj pljkw kdyh rq upv ri glhuhqw vl}h1 Wkxv/ dq h{whqghg prgho lv fdoohg
iru1
6161 Dv|pphwulf Hhfwv ri d Prqhwdu| Wljkwhqlqj Dfurvv Vl}h Fodvvhv
Lq rughu wr whvw iru srvvleoh dv|pphwulhv wkh VYDU prghov duh h{whqghg1 Qdpho|/
wkh glhuhqfh ri uhvsrqvhv ri upv lv lqfoxghg dv dq dgglwlrqdo yduldeoh1 Wr jlyh dq
h{dpsoh/ wkh exvlqhvv frqglwlrqv ri wkh odujhvw upv duh vxewudfwhg iurp wkrvh ri wkh
vpdoohvw upv +￿Dc| @ ef￿c|  efDc|,1 Li erwk exvlqhvv frqglwlrqv uhdfw lq d sdudooho
zd| wr lqwhuhvw udwh vkrfnv/ qr vljqlfdqw uhvsrqvh ri wkh dgglwlrqdo yduldeoh vkrxog
eh ghwhfwdeoh1 Li vpdoo upv duh klw kdughu e| ulvlqj lqwhuhvw udwhv/ wkhq ￿￿c| vkrxog
ehfrph qhjdwlyh1 Wkh lqwhusuhwdwlrq ri vxfk d qglqj zrxog eh wkdw uhodwlyho| pruh
vpdoo wkdq odujh upv dqvzhu wkdw wkhlu exvlqhvv frqglwlrqv kdyh ghwhulrudwhg/ dqg
wkxv wkdw pruh vpdoo upv ihho wkh hhfwv ri d wljkwhqlqj1
Dqrwkhu yduldeoh lv dgghg khuh/ wr hqvxuh wkdw wkh uhvsrqvhv wr d prqhwdu| srolf|
vkrfn dqg wkrvh wr dq h{fkdqjh udwh vkrfn duh glvhqwdqjohg surshuo|1 D sulrul/l w
lv riwhq eholhyhg wkdw odujh upv duh pxfk pruh h{sruw0rulhqwhg wkdq vpdoo upv1
Wkh ehkdylrxu ri wkh udz gdwd vhulhv lq jxuh 4 lv frqvlvwhqw zlwk wklv eholhi1 Lw
lv d zhoo0hvwdeolvkhg sdwwhuq wkdw wkh Jhupdq exvlqhvv f|foh lv vwurqjo| ghshqghqw
rq wkh h{sruw shuirupdqfh ri upv1 D kljkhu h{sruw surshqvlw| frxog wkxv h{sodlq
wkh kljkhu yduldqfh ri odujh upv* exvlqhvv frqglwlrqv ryhu wkh f|foh1 Wkh HUP
h{fkdqjh udwh fulvlv ri 4<<52<6 fdq vhuyh dv dq hyhqw vwxg|1 Gxulqj 4<<52<6/ pdq|
HUP fxuuhqflhv ghydoxhg djdlqvw wkh GP1 H{sruw0rulhqwhg upv frqvhtxhqwo| kdg
wr idfh d vwurqj ghwhulrudwlrq lq exvlqhvv frqglwlrqv 0 dqg lqghhg/ wkh exvlqhvv
frqglwlrqv ri odujh upv soxpphwhg uhodwlyh wr wkrvh ri vpdoo upv1
Li up vl}hv glhu zlwk uhvshfw wr wkhlu h{sruw rulhqwdwlrq/ lw lv lpsruwdqw wr
glvhqwdqjoh wkh h{fkdqjh udwh fkdqqho ri prqhwdu| srolf| wudqvplvvlrq iurp wkh
edodqfh vkhhw dqg fuhglw fkdqqhov1 Lw lv wkhuhiruh fuxfldo wr lqfoxgh wkh h{fkdqjh
udwh lq wkh YDU prghov1
Wkh h{whqghg YDU vsdqv [| @^  ￿￿c| Gh{u| Gp| ls| l| |`
￿1 Wkh qhz
yduldeohv duh erwk vwdwlrqdu| +Qrwh wkdw wkh h{fkdqjh udwh hqwhuv lq uvw glhu0
hqfhv>46 ￿￿c| dv wkh glhuhqfh ri wzr vwdwlrqdu| yduldeohv lv e| ghqlwlrq lwvhoi
vwdwlrqdu|,/ zklfk lpsolhv wzr qhz frlqwhjudwlqj yhfwruv/ qdpho|/ wkh qhz yduldeohv
wkhpvhoyhv1 Qrz/ d prqhwdu| srolf| wljkwhqlqj lv fkdudfwhulvhg dv d ghfuhdvh lq
46Wklv iroorzv wkh prgho vshflfdwlrq e| Vphwv +4<<:,1
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dwlrq1 Dv ehiruh/ wkh prgho lv hvwlpdwhg vhyhudo wlphv/ zlwk ￿￿c| ehlqj vxevwlwxwhg
dqg wkh rwkhu yduldeohv khog frqvwdqw1 Whq glhuhqw frpelqdwlrqv ri ￿￿c| duh srv0
vleoh/ doo ri zklfk duh lq wxuq lqfoxghg lq d YDU1 Wkh frpelqdwlrqv duh=
;
A A A A A A A ?
A A A A A A A =
efec|  efDc| ef￿c|  efDc| ef2c|  efDc| ef￿c|  efDc|
ef￿c|  efec| ef2c|  efec| ef￿c|  efec|
ef2c|  ef￿c| ef￿c|  ef￿c|
ef￿c|  ef2c|
<
A A A A A A A @
A A A A A A A >
Wkh uhvxowv ri wklv h{huflvh duh uhsruwhg lq jxuh 9 lq wkh dsshqgl{1 Wkh qglqjv
duh vwulnlqj1 D wljkwhqlqj ri prqhwdu| srolf| ohdgv wr vljqlfdqw glvwulexwlrqdo
hhfwv1 Wkh exvlqhvv frqglwlrqv ri doo vl}h fodvvhv zruvhq +vhh deryh,/ exw wkrvh ri
vpdoohu vl}h fodvvhv ghwhulrudwh vljqlfdqwo| pruh1 Wkh srlqw hvwlpdwhv ri uhvsrqvhv
ri ￿￿c| duh qhjdwlyh iru hyhu| vlqjoh phdvxuh1 Lq prvw fdvhv/ wkhvh uhvsrqvhv duh
dovr vljqlfdqwo| qhjdwlyh1 Wklv lq lwvhoi lv hylghqfh wkdw vpdoo upv duh klw kdughu
e| prqhwdu| srolf| wljkwhqlqjv wkdq odujh upv1
Dgglwlrqdoo|/ wkh lpsxovh uhvsrqvhv hyroyh prqrwrqlfdoo| dfurvv vl}h fodvvhv1
Ilupv ehfrph pruh khwhurjhqhrxv zkhq prylqj iurp wkh ohiw wr wkh uljkw lq wkh
pdwul{ ri uhvsrqvhv/ dv zhoo dv zkhq prylqj xs iurp wkh erwwrp1 Lq erwk gluhf0
wlrqv/ dqg iru hyhu| vlqjoh urz dqg froxpq/ wkh lpsxovh uhvsrqvhv ehfrph pruh
surqrxqfhg vwhs e| vwhs1
Fkhfnlqj wkh vljqlfdqfh ri wkh srlqw hvwlpdwhv lw vhhpv wkdw/ dfwxdoo|/ wkh upv
duh glylghg lqwr wkuhh vxejurxsv= wkh odujhvw upv duh vljqlfdqwo| glhuhqw iurp
doo wkh rwkhu vl}h fodvvhv +dv vkrzq e| wkh uhvsrqvhv lq wkh uvw urz ri jxuh 9,> vr
duh wkh vpdoohvw upv +dv sruwud|hg e| wkh odvw froxpq lq jxuh 9,1 Ilupv ri vl}h
fodvvhv wzr/ wkuhh dqg irxu vhhp uhodwlyho| krprjhqhrxv dprqjvw wkhpvhoyhv/ dqg
vkrz vljqlfdqw glhuhqfhv rqo| uhodwlyh wr upv ri vl}h fodvvhv rqh dqg yh147
Krz fdq wkh hylghqfh rq up dv|pphwulhv eh lqwhusuhwhgB Fdxwlrq lv zduudqwhg
ehfdxvh wkh gdwd vhw dqdo|vhg khuh lv ri d yhu| sduwlfxodu qdwxuh1 Lw kdv wr eh
nhsw lq plqg wkdw upv rqo| uhsruw zkhwkhu frqglwlrqv kdyh lpsuryhg/ zruvhqhg ru
vwd|hg xqfkdqjhg1 Khqfh d vwurqjhu hhfw ri lqwhuhvw udwh vkrfnv rq wkh djjuhjdwhg
exvlqhvv frqglwlrq vhulhv grhv qrw jlyh hylghqfh derxw krz vwurqjo| rqh vlqjoh up
47Rqh srvvleoh lqwhusuhwdwlrq pljkw eh wkdw wkh fuhglw fkdqqho pdlqo| dhfwv upv ri vl}h fodvvhv
4 wr 7/ zlwk vl}h fodvv 8 ehlqj uhodwlyho| xqdhfwhg ehfdxvh ri ehwwhu dffhvv wr frpphufldo sdshu
dqg rwkhu irupv ri h{whuqdo/ xqlqwhuphgldwhg qdqfh/ dqg wkdw wkh edodqfh vkhhw fkdqqho lv pdlqo|
vljqlfdqw iru upv ri vl}h fodvv 4/ l1h1 yhu| vpdoo upv zlwk yhu| olwwoh froodwhudo1 Wkhvh k|srwkhvhv
fdqqrwehwhvwhgiruzlwkwkhh{lvlwlqjgdwdvhw/krzhyhu1
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iurp d zruvhqlqj ri exvlqhvv frqglwlrqv1 Krzhyhu/ wklv lv qrqhwkhohvv lqirupdwlyh
derxw up vl}h hhfwv ri prqhwdu| srolf|1 D vljqlfdqwo| kljkhu qxpehu ri vpdoo
upv idfhv ghwhulrudwhg exvlqhvv frqglwlrqv zkhq frpsduhg wr odujh upv diwhu dq
lqfuhdvh lq lqwhuhvw udwhv1
6171 H{fkdqjh Udwh Hhfwv rq Exvlqhvv Frqglwlrqv
Wkh h{whqghg YDU prgho doorzv ph wr lqyhvwljdwh wkh uhvsrqvhv ri uhodwlyh exvl0
qhvv frqglwlrqv wr dq h{fkdqjh udwh vkrfn1 Iljxuh : lq wkh dsshqgl{ surylghv wkh
fruuhvsrqglqj lpsxovh uhvsrqvhv/ zkhuh wkh vkrfn lv rqh ri dq h{fkdqjh udwh ghsuh0
fldwlrq1 Odujh upv duh jhqhudoo| eholhyhg wr eh pruh h{sruw0rulhqwhg wkdq vpdoo
upv/ dqg dv vxfk vkrxog uhdfw pruh vwurqjo| wr h{fkdqjh udwh fkdqjhv1 Iroorzlqj
wkh h{fkdqjh0udwh ghsuhfldwlrq/ wkh exvlqhvv frqglwlrqv ri doo upv lpsuryh/ exw
wkrvh ri odujh upv gr vr vljqlfdqwo| pruh wkdq wkrvh ri vpdoo upv +zklfk lv
uh hfwhg lq d vljqlfdqwo| qhjdwlyh uhvsrqvh ri prvw ￿￿c|0yduldeohv,1 Lq irxu fdvhv
+6 yv1 8/ 6 yv1 7/ 5 yv1 7 dqg 4 yv1 7, d idluo| txlfn uhdfwlrq lv irxqg zklfk lv dw
rggv zlwk d sulrul eholhiv/ exw lq wzr rxw ri wkhvh fdvhv/ wklv xqh{shfwhg uhdfwlrq
lv uhyhuvhg diwhu vrph wlph1 Ryhudoo/ wkh slfwxuh wkdw hphujhv frqupv wkdw odujh
upv duh pruh vhqvlwlyh wr h{fkdqjh0udwh fkdqjhv148
71 Ghpdqg Vlgh Hhfwv
Wkh ruljlqdo k|srwkhvlv wkdw vpdoo upv duh dhfwhg pruh vwurqjo| e| prqhwdu| sro0
lf| vkrfnv vwhpv iurp fdslwdo pdunhw lpshuihfwlrq wkhrulhv dqg dv vxfk lv frqfhuqhg
zlwk qdqfldo idfwruv1 Wkh hylghqfh irxqg lq wkh suhfhglqj vhfwlrq vxssruwv wklv
k|srwkhvlv/ exw fdqqrw uhyhdo zkhwkhu wkh dv|pphwu| lqghhg dulvhv gxh wr qdqfldo
idfwruv1 Li wkh exvlqhvv vxuyh| lqfoxghg txhvwlrqv rq wkh qdqfldo vlwxdwlrq ri upv/
wkh k|srwkhvlv frxog eh whvwhg gluhfwo|1 Xqiruwxqdwho|/ wklv lv qrw wkh fdvh1 Dqrwkhu
txhvwlrq frqwdlqhg lq wkh vxuyh|/ qdpho|/ rq wkh fxuuhqw ghpdqg vlwxdwlrq ri upv/
fdq eh khosixo wr vlqjoh rxw rwkhu srwhqwldo h{sodqdwlrqv/ krzhyhu1 Wklv zloo eh grqh
lq wkh uhpdlqghu ri wklv vhfwlrq1
Srwhqwldoo|/ erwk wkh vxsso| vlgh dv zhoo dv wkh ghpdqg vlgh vlwxdwlrq ri upv
vkrxog hqwhu wkh hydoxdwlrq ri fxuuhqw exvlqhvv frqglwlrqv1 Wkh exvlqhvv frqglwlrqv
ri vl}h fodvv l fdq wkxv eh ghvfulehg dv d zhljkwhg vxp ri wkh wzr idfwruv +srvvleo|
zlwk vrph lqwhufhsw ￿ dqg vrph huuru whup %￿c|,=
ef￿c| @ ￿ . $￿ghp￿c| .+ 4 $￿,vxs￿c| .%￿c|
48Wklv lv rssrvhg wr Jxlvr hw do1 +4<<<= :4,/ zkr qg iru Lwdo| wkdw vl}h lv qrw d jrrg sur{| iru
wkh h{sruw rulhqwdwlrq ri upv1
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zkhuhdv ghp￿c| lv1 Dgglwlrqdoo|/ zh gr qrw nqrz wkh zhljkwv $￿1 Lw lv hdv| wr
vhh/ krzhyhu/ wkdw uhjdugohvv ri wkh zhljkwlqj/ uhvsrqvhv ri ef￿c| wr prqhwdu| srolf|
vkrfnv wkdw h{fhhg wkrvh ri wkh uhvsrqvhv ri ghp￿c| pxvw vwhp iurp vxsso| vlgh
idfwruv +qrwh wkdw 3  $￿  4,1 L zloo pdnh xvh ri wklv surshuw| dv iroorzv= wkh odvw
prgho lv h{whqghg wr lqfoxgh wkh uhodwlyh ghpdqg srvlwlrqv1 Wkh lpsxovh uhvsrqvhv
ri uhodwlyh exvlqhvv frqglwlrqv dqg ghpdqg vlwxdwlrqv duh wkhq frpsduhg= li wkh
iruphu duh eljjhu wkdq wkh odwwhu/ lw fdq eh frqfoxghg wkdw vxsso|0vlgh lvvxhv fuhdwh
dv|pphwu|/ wrr1
Xqiruwxqdwho|/ wklv grhv vwloo qrw lghqwli| qdqfldo idfwruv dv xqltxh gulylqj irufh>
rwkhu h{sodqdwlrqv fdq eh lpdjlqhg/ h1j1/ orzhu lpsruw sulfhv iroorzlqj d prqhwdu|
wljkwhqlqj dqg wkh dffrpsdq|lqj h{fkdqjh udwh dssuhfldwlrq pljkw ehqhw odujhu
upv pruh wkdq vpdoohu rqhv/ li wkh| kdyh d kljkhu vkduh ri lpsruwhg jrrgv dv lqsxwv1
Lq dq| fdvh/ wkh hylghqfh kdv wr uhpdlq lqgluhfw= zlwk qr txhvwlrq rq qdqfldo idfwruv
lq wkh exvlqhvv vxuyh|/ wkh ghwhfwlrq ri vxsso|0vlgh hhfwv lv dv idu dv wkh dqdo|vlv
fdq jr1
D prgho vshflfdwlrq zlwk d ghpdqg yduldeoh lv xvhixo iru dqrwkhu uhdvrq/ wrr1
Vrphwlphv wkh lir vxuyh| gdwd kdyh ehhq fulwlflvhg iru d eldv wrzdugv wkh ghpdqg
vlgh1 D vxuyh| frqgxfwhg e| wkh lir0Lqvwlwxwh lq 4<:9 irxqg wkdw wkh shrsoh lq fkdujh
ri dqvzhulqj wkh exvlqhvv vxuyh| duh yhu| riwhq lq wkhlu uhjxodu exvlqhvv ghdolqj zlwk
wkh up*v vdohv/ dqg wkxv jlyh d eldvhg zhljkw wr ghpdqg idfwruv1 Ilqdqfldo idfwruv/
wkh irfdo srlqw ri wklv sdshu/ duh wkhuhiruh vrphzkdw xqghuuhsuhvhqwhg1 E| lqfoxglqj
d ghpdqg yduldeoh lq wkh YDU/ lw lv srvvleoh wr fkhfn zkhwkhu odvw vhfwlrq*v qglqjv
duh urexvw1 Rqfh ghpdqg dv|pphwulhv dfurvv vl}h fodvvhv kdyh ehhq dffrxqwhg iru/
dq| dv|pphwulhv rq wrs ri wklv pdnh d yhu| vwurqj fdvh iru vxsso|0vlgh dqg suredeo|
qdqfldo idfwruv1
Wr fkhfn zkhwkhu wkh ghpdqg yduldeoh lwvhoi uhvsrqgv dv h{shfwhg wr d prqhwdu|
srolf| vkrfn/ lpsxovh uhvsrqvhv duh uvw fdofxodwhg iru wkh edvholqh YDU [| @
^Gp| ghp￿c| l| |`￿/ xvlqj wkh NSVZ surfhgxuh1 ghp￿c| ghqrwhv ghpdqg dqg lv
ydulhg wr fryhu doo yh vl}h fodvvhv1 Wkh uhvxowv ri wkh frlqwhjudwlrq dqdo|vlv dqg wkh
whvwv rq wkh uhvwulfwlrqv rq wkh frlqwhjudwlqj yhfwruv fdq eh irxqg lq wkh dsshqgl{1
D frlqwhjudwlrq udqn ri u @6lv pdlqwdlqhg iru doo prghov/ zlwk wkh frlqwhjudwlqj
yhfwruv ehlqj wkh ghpdqg yduldeoh/ wkh uhdo lqwhuhvw udwh dqg vxshuqhxwudolw| ri
prqh| +vhh wdeohv 9 dqg :,1 Iljxuh ; sorwv wkh lpsxovh uhvsrqvhv ri wklv edvholqh
YDU1 Iroorzlqj d frqwudfwlrqdu| prqhwdu| srolf| vkrfn ghpdqg ghfolqhv iru upv
ri doo vl}h fodvvhv/ dv h{shfwhg1 Lqwhuhvwlqjo|/ wkh vljqlfdqfh ri wklv ghfolqh lv ohvv
surqrxqfhg iru odujhu upv/ zkhuhdv lwv vl}h lv pruh ru ohvv htxdo dfurvv vl}h fodvvhv1
Lq rughu wr whvw iru dv|pphwulf hhfwv/ wkh uhodwlyh ghpdqg vlwxdwlrq lv lqfoxghg
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[| @^  ￿￿c(| ￿￿c| Gh{u| Gp| ls| l| |`
￿/ zkhuh ￿￿c(| ghqrwhv wkh uhodwlyh
ghpdqg srvlwlrq ri upv/ lq frqwudvw wr ￿￿c| zklfk uhsuhvhqwv wkh uhodwlyh exvlqhvv
frqglwlrqv ri upv1 Wkh prgho lv djdlq hvwlpdwhg iru doo whq srvvleoh frpelqdwlrqv
ri wkh ghowd0yduldeohv1 Wkh fruuhvsrqglqj lpsxovh uhvsrqvhv fdq eh irxqg lq jxuhv
< dqg 431 Wkh uhodwlyh ghpdqg srvlwlrq ri upv ghwhulrudwhv vljqlfdqwo| diwhu d
prqhwdu| srolf| wljkwhqlqj/ zklfk phdqv wkdw djdlq wkhuh lv d eldv zklfk lv xq0
idyrxudeoh iru vpdoo upv1 Djdlq/ hdfk srlqw hvwlpdwh ehfrphv pruh surqrxqfhg
prylqj xs wkh froxpqv ru prylqj wr wkh uljkw lq wkh urzv ri jxuh <149
Krz grhv wkh slfwxuh rq wkh uhodwlyh srvlwlrqv ri upv zlwk uhvshfw wr wkhlu
exvlqhvv frqglwlrqv fkdqjhB Frpsdulqj jxuh < zlwk jxuh 43/ lw wxuqv rxw wkdw/
lqghhg/ wkh uhvsrqvhv ri uhodwlyh exvlqhvv frqglwlrqv duh pxfk vwurqjhu wkdq wkrvh
ri ghpdqg srvlwlrqv1 Lqwhuhvwlqjo|/ wkh uhvsrqvhv ri uhodwlyh exvlqhvv frqglwlrqv
kdugo| fkdqjh zkhq wkh prgho lv h{whqghg= jxuhv 9 dqg 43 duh qhduo| lghqwlfdo1
Wkh frqfoxvlrq iurp wklv h{huflvh lv wkdw ghpdqg dovr uhdfwv pruh vwurqjo| iru vpdoo
upv> krzhyhu/ ghpdqg whoov rqo| sduw ri wkh vwru|1 Zh duh ohiw zlwk dqrwkhu fdxvh
ri dv|pphwu| wkdw pxvw vwhp iurp wkh vxsso| vlgh1
81 Exvlqhvv F|foh Dv|pphwu|
Dv vwdwhg lq wkh lqwurgxfwlrq/ wkhrulhv ri wkh fuhglw fkdqqho pdlqwdlq wkh k|srwkhvlv
wkdw wkh glvwulexwlrqdo hhfwv ri prqhwdu| srolf| dfwlrqv vkrxog eh pruh surqrxqfhg
li wkh hfrqrp| lv lq d exvlqhvv f|foh grzqwxuq1 Lq wkh iroorzlqj/ L zloo whvw iru wkhvh
hhfwv/ exw wzr fdyhdwv vkrxog eh phqwlrqhg ehiruhkdqg1
Iluvwo|/ wkh gdwd vdpsoh udqjhv iurp 4<;4=: wr 4<<;=45 dqg lqvshfwlrq ri jxuh 4
uhyhdov wkdw ryhu wklv vdpsoh shulrg wkh Jhupdq hfrqrp| zdv jrlqj wkurxjk urxjko|
418 f|fohv1 Wkh hylghqfh wr eh h{wudfwhg iurp wklv vpdoo vdpsoh kdv wr eh wdnhq
zlwk fdxwlrq1
Vhfrqgo|/ wkh Jhupdq hfrqrp| lv riwhq uhihuuhg wr dv d edqn0edvhg v|vwhp1
Vpdoo upv lq sduwlfxodu yhu| riwhq kdyh d forvh olqn wr rqh edqn/ wkhlu Kdxvedqn1
Wkhru| vxjjhvwv wkdw vpdoo upv doorz rqh vlqjoh edqn wr jdlq vxfk dq lq xhqwldo
srvlwlrq rqo| ehfdxvh wkh| h{shfw dgydqwdjhv lq rwkhu duhdv1 Iru h{dpsoh/ rqh ri wkh
srvvleoh jdlqv d vpdoo up pljkw dfklhyh lq d forvh edqnlqj uhodwlrqvkls lv lqwhuhvw
udwh vprrwklqj= d edqn pljkw eh zloolqj qrw wr sdvv rq d prqhwdu|0srolf|0lqgxfhg
49Wklv frxog eh h{sodlqhg e| vxefrqwudfwlqj1 Li odujh upv kdyh vpdoo upv dv wkhlu vxefrqwudf0
wruv/ wkhq wkh exughq ri ghfolqlqj ghpdqg zrxog eh vsuhdg xqhyhqo|= odujh upv zrxog udwkhu nhhs
wkhlu zrunirufh ixoo| hpsor|hg dqg fxw grzq rq wkh vxefrqwudfwhg surgxfwlrq1 Vpdoo upv zrxog
wkhq idfh d vwurqjhu ghfolqh lq ghpdqg frpsduhg wr odujh upv1 Iru d glvfxvvlrq vhh Vhpolqjhu
+4<<5,1
ECB Working Paper No 21 l  May 2000                                                                                                      17lqwhuhvw udwh lqfuhdvh wr d forvh fxvwrphu1 Wklv h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zkhq wkh eruurzhu zrxog kdyh gl!fxowlhv zlwk ulvlqj lqwhuhvw udwhv/ l1h1/ lq shulrgv
ri orz jurzwk1 Uhodwlrqvkls ohqglqj fdq wkxv zhdnhq wkh lqflghqfh ri exvlqhvv f|foh
dv|pphwulhv wr txlwh vrph h{whqw14:
8141 Hvwlpdwlrq Vwudwhj|= Frqglwlrqdo Lpsxovh Uhvsrqvhv lq d Pdunry0
Vzlwfklqj Prgho
D qhz hvwlpdwlrq dssurdfk zloo eh hpsor|hg wr whvw iru vxfk exvlqhvv0f|foh0uhodwhg
dv|pphwulhv= frqglwlrqdo lpsxovh uhvsrqvhv lq d Pdunry0vzlwfklqj prgho14; Wkh
surfhgxuh frqvlvwv ri wzr vwdjhv1
Lq wkh uvw vwdjh/ dq xquhvwulfwhg YDU lv hvwlpdwhg wkdw doorzv iru Pdunry0
vzlwfklqj sdudphwhuv1 Vlqfh wkh k|srwkhvhv wr eh whvwhg duh frqglwlrqdo rq wkh
exvlqhvv f|foh/ lw lv hvvhqwldo wkdw wkh Pdunry0vzlwfklqj uhjlphv vkrxog fdswxuh wkh
vwdwhv ri wkh exvlqhvv f|foh/ l1h1/ wkh uhjlphv pxvw eh exvlqhvv f|foh h{sdqvlrqv
dqg frqwudfwlrqv/ uhvshfwlyho|1 Wklv uvw vwdjh |lhogv glvwlqfw sdudphwhu vhwv= rqh
ghvfulehv wkh hfrqrp| lq d exvlqhvv f|foh h{sdqvlrq/ wkh rwkhu vhw lv ydolg li wkh
hfrqrp| lv lq d frqwudfwlrqdu| exvlqhvv f|foh skdvh1
Wkhvh wzr vhwv ri sdudphwhuv duh wkhq xvhg lq d vhfrqg vwdjh zkhuh d vwuxfwxuh
lv lpsrvhg e| dsso|lqj wkh xvxdo lghqwlfdwlrq uhvwulfwlrqv/ iru hdfk uhjlph vhsd0
udwho|/ dqg lpsxovh uhvsrqvh dqdo|vlv lv shuiruphg1 Wkh uhvxowlqj lpsxovh uhvsrqvhv
duh frqglwlrqdo rq wkh vwdwh ri wkh hfrqrp|/ dqg dv vxfk glvhqwdqjoh wkh hhfwv ri
prqhwdu| srolf| vkrfnv iru h{sdqvlrqdu| dqg frqwudfwlrqdu| exvlqhvv f|foh skdvhv1
Wkh Pdunry0vzlwfklqj prgho hpsor|hg lq wkh uvw vwdjh zdv ruljlqdoo| lqwur0
gxfhg e| Kdplowrq +4<;<,1 Wr dfklhyh glvwlqfwo| vkdshg lpsxovh uhvsrqvhv iru wkh
wzr uhjlphv/ lw lv krzhyhu qhfhvvdu| wr h{whqg klv vshflfdwlrq eh|rqg d phuh phdq0
vzlwfklqj prgho1 Vwdwh0ghshqghqw dxwruhjuhvvlyh sdudphwhuv zloo jlyh ulvh wr glhu0
hqw vkdshv ri wkh lpsxovh uhvsrqvhv/ zkhuhdv d vwdwh0ghshqghqw yduldqfh0fryduldqfh
pdwul{ zloo ohdg wr glvwlqfw lpsdfw hhfwv ri wkh vkrfnv1
Lw vkrxog eh qrwhg/ krzhyhu/ wkdw hdfk dgglwlrqdo sdudphwhu zklfk lv doorzhg wr
vzlwfk lqfuhdvhv wkh frpsxwdwlrqdo exughq ri wkh dojrulwkp/ vxfk wkdw d sduvlpr0
qlrxv prgho lv fdoohg iru14<
Vrph pruh fkdudfwhulvwlfv ri wklv dssurdfk qhhg phqwlrqlqj khuh1 Lpsxovh uh0
vsrqvhv frqglwlrqdo rq wkh vwdwh ri wkh hfrqrp|/ l1h1/ zkhwkhu wkh hfrqrp| lv lq d
4:Wkh hylghqfh iru wklv hhfw lv olplwhg wr gdwh> iru dq ryhuylhz vhh Prmrq +4<<<,1
4;Vhh Hkupdqq/ Hoolvrq dqg Ydood +5333, iru d pruh ghwdlohg h{srvlwlrq ri wkh hvwlpdwlrq vwudwhj|1
Dqrwkhu dssolfdwlrq lv Hoolvrq dqg Ydood +4<<<,1
4<Lw wxuqhg rxw wr eh lqihdvleoh wr hvwlpdwh d prgho zlwk phdq0vzlwfklqj/ dv lq Kdplowrq +4<;<,1
L frqvlghu wkh lqwhufhsw0vzlwfklqj prgho dv ghvfulehg lq Nuro}lj +4<<:, wr eh d uhodwlyho| jrrg
dssur{lpdwlrq/ krzhyhu1
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lv lq d jlyhq uhjlph zkhq wkh prqhwdu| srolf| vkrfn klwv wkh v|vwhp/ dqg wkh hi0
ihfwv wudfhg e| orrnlqj dw lpsxovh uhvsrqvhv dvvxph wkdw/ wkurxjkrxw/ wkh hfrqrp|
grhv qrw vzlwfk uhjlphv153 Lw lv lq wklv zd| srvvleoh wr whvw wkh wkhruhwlfdo suhglf0
wlrqv/ zklfk wkhpvhoyhv duh frqglwlrqdo= wkh wudqvplvvlrq fkdqqhov duh fodlphg wr
eh vwurqjhu gxulqj grzqwxuqv wkdq gxulqj h{sdqvlrqv1
Dqrwkhu zrug ri fdxwlrq lv zduudqwhg khuh 0 wkh dqdo|vlv lv d sxuh wkrxjkw
h{shulphqw1 Jlyhq d suredelolw| ri vwd|lqj lq rqh uhjlph ri/ vd|/ 1<8/ wkh h{shfwhg
suredelolw| ri vwloo ehlqj lq wkh vdph uhjlph vrph 7; prqwkv odwhu lv phuho| 13< 0
vr rqh zrxog qrw uhdoo| h{shfw wr vwd| lq wkh vdph uhjlph doo wkh wlph iru zklfk
wkh lpsxovh uhvsrqvhv duh dfwxdoo| ehlqj fdofxodwhg1 Wkh lpsxovh uhvsrqvhv duh
qrqhwkhohvv d xvhixo wrro1 Dv orqj dv wkh hfrqrp| vwd|v lq wkh vdph uhjlph/ wkh|
duh ydolg 0 vr hyhq li wkh ixoo wudmhfwru| lv qrw ehlqj uhdolvhg/ wkh shulrgv xs wr wkh
fkdqjh lq uhjlph duh fkdudfwhulvhg e| wkh frqglwlrqdo lpsxovh uhvsrqvhv1
8151 Prgho Vhw0xs
Wr nhhs wkh prgho dv sduvlprqlrxv dv srvvleoh/ wkh qxpehu ri uhjlphv fkrvhq lv
wzr1 Lq dgglwlrq/ wkh qxpehu ri yduldeohv lq wkh YDU lv uhgxfhg1 Lw lv qrw ihdvleoh lq
wklv frqwh{w wr hvwlpdwh odujh0glphqvlrqdo v|vwhpv dv lq wkh suhfhglqj vhfwlrqv1 Wkh
uhgxfwlrq lv fduulhg rxw lq wzr vwhsv1 Iluvwo|/ lw wxuqv rxw wkdw d frlqwhjudwhg YDU
zlwk [| @^ ef￿c| l| |`
￿ zlwk wkh NSVZ lghqwlfdwlrq vfkhph jlyhv uhdvrqdeoh
lpsxovh uhvsrqvhv/ wrr= exvlqhvv frqglwlrqv ghwhulrudwh diwhu d vkrfn wr wkh lqwhuhvw
udwh dqg lq dwlrq idoov1 Wkh lqirupdwlrqdo frqwhqw kdv ghfuhdvhg ri frxuvh/ ehfdxvh
qrz lw lv qr orqjhu srvvleoh wr glvhqwdqjoh oltxlglw| dqg h{fkdqjh0udwh hhfwv ri
prqhwdu| srolf| lpsxovhv1
D vhfrqg uhgxfwlrq lv srvvleoh ehfdxvh lq wkh yhu| vshfldo fdvh dqdo|vhg khuh/
zkhuh wkh yduldeohv ri lqwhuhvw duh vwdwlrqdu|/ wkh prgho vshflfdwlrq fdq eh uhgxfhg
iurp d ixoo0eorzq YHFP zlwk NSVZ*v lghqwlfdwlrq vfkhph wr d vlpsoh YDU zlwk
vwdwlrqdu| yduldeohv rqo|/ zkhuh wkh lghqwlfdwlrq vfkhph lpsrvhg iroorzv d Fkrohvnl
ghfrpsrvlwlrq1 Wkh wzr prghov vlpxodwh wkh vdph vkrfnv lq wklv fdvh= D NSVZ















53Wklv h{foxghv dq| dqdo|vlv ri krz hhfwlyh vxfk d prqhwdu| srolf| vkrfn fdq eh lq prylqj
wkh hfrqrp| iurp rqh vwdwh wr wkh rwkhu1 Zkhwkhu d prqhwdu| orrvhqlqj lq d orz jurzwk shulrg
lqfuhdvhvwkhsuredelolw|wkdwwkhhfrqrp|vzlwfkhvwrdkljkhujurzwkuhjlphlvqrwwdnhqlqwr
dffrxqw lq wkh frqglwlrqdo lpsxovh uhvsrqvhv1
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srolf| vkrfn lv wkxv d vkrfn wr wkh vhfrqg frlqwhjudwlqj yhfwru/ l1h1/ d vkrfn wr wkh
uhdo lqwhuhvw udwh1 Dq htxlydohqw vkrfn fdq eh prghoohg lq d YDU zklfk lqfoxghv ef￿c|
dqg wkh uhdo lqwhuhvw udwh u| gluhfwo|1 Lq grlqj vr/ vrph lqirupdwlrq lv orvw/ krzhyhu/
qdpho|/ wkh vhsdudwh uhvsrqvh ri qrplqdo lqwhuhvw udwhv dqg lq dwlrq/ zklfk/ lq wkh
YDU/ lv djjuhjdwhg wr wkh uhvsrqvh ri uhdo lqwhuhvw udwhv1
Erwk lq NSVZ zlwk wzr frlqwhjudwlrq uhodwlrqv dqg lq wkh vwdwlrqdu| YDU/ rqh
lghqwlfdwlrq uhvwulfwlrq kdv wr eh lpsrvhg1 Wkh uhvwulfwlrq wkdw d prqhwdu| srolf|
vkrfn fdqqrw dhfw exvlqhvv frqglwlrqv frqwhpsrudqhrxvo| lv lpsrvhg lq d YDU
zlwk d Fkrohvnl ghfrpsrvlwlrq e| rughulqj uhdo lqwhuhvw udwhv odvw1
Wkh exvlqhvv frqglwlrqv ri upv ghqh wkh exvlqhvv f|foh> li wkh| idoo/ wkh hfrq0
rp| lv lq d frqwudfwlrq> li wkh| ulvh/ wkh exvlqhvv f|foh srvlwlrq lv h{sdqvlrqdu|154
Li hdfk prgho zdv hvwlpdwhg e| lqwurgxflqj wkh exvlqhvv frqglwlrqv ri d fhuwdlq
vl}h fodvv/ wkh ghqlwlrq ri wkh exvlqhvv f|foh zrxog ydu| frqvlghudeo| dfurvv wkh
hvwlpdwhv1 Wr hqvxuh vrph vwdelolw|/ hdfk prgho wkhuhiruh lqfoxghv wkh exvlqhvv frq0
glwlrqv ri wkh odujhvw upv dqg dgglwlrqdoo| wkrvh ri upv ri d glhuhqw vl}h fodvv/















































zkhuh %| y llg Q+3>	,1 Lw lv ixuwkhupruh dvvxphg wkdw wkh vwdwh wudqvlwlrq
suredelolwlhv iroorz d uvw0rughu Pdunry fkdlq=
s￿￿ @S u + v|n￿ @ mmv| @ l,>
2 [
￿’￿
s￿￿ @4 ;l>m 5i 4>5j +815,
Qrwh wkdw wkh yduldqfh0fryduldqfh pdwul{ lv qrw vwdwh0ghshqghqw1 Wkh lpsdfw hi0
ihfwv ri vkrfnv duh wkhuhiruh lghqwlfdo dfurvv uhjlphv1 Wklv lv qr olplwdwlrq lq wkh
dssolfdwlrq khuh/ ehfdxvh wkh prqhwdu| srolf| vkrfn kdv d }hur lpsdfw hhfw rq wkh
rwkhu wzr yduldeohv lq wkh v|vwhp 0 dqg wkh vkrfn wr wkh lqwhuhvw udwh lwvhoi zloo eh
qrupdolvhg wr rqh iru frpsdudelolw| uhdvrqv dq|zd|1
Ilqdoo|/ vrph uhvwulfwlrqv duh lpsrvhg wr ghfuhdvh wkh qxpehu ri vzlwfklqj sd0
udphwhuv hyhq ixuwkhu= qrqh ri wkh dxwruhjuhvvlyh sdudphwhuv lq wkh lqwhuhvw udwh
htxdwlrq lv vzlwfklqj/ jlyhq wkdw p| irfxv lv rq wkh lpsxovh uhvsrqvhv ri wkh rwkhu
wzr yduldeohv1 Wkh uhvwulfwlrqv lpsrvhg duh
54Wklv lv lq olqh zlwk wkh QEHU*v ghqlwlrq= Frqwudfwlrqv +uhfhvvlrqv, vwduw dw wkh shdn ri d
exvlqhvv f|foh dqg hqg dw wkh wurxjk/ vhh kwws=22zzz1qehu1ruj2f|fohv1kwpo1
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8161 Hpslulfdo Uhvxowv
Lq vxfk d vhw0xs/ lw lv d sulrul qrw vxuh zkhwkhu wkh uhjlphv slfnhg e| wkh dojrulwkp
duh dfwxdoo| uhodwhg wr wkh exvlqhvv f|foh1 Dq| nlqg ri uhjlph wkdw vkrzv ehvw
w/ eh lw fkdudfwhulvhg e| glvwlqfw lqwhufhswv/ dxwruhjuhvvlyh sdudphwhuv/ ru vrph
frpelqdwlrq/ fdq hphujh1 Qrqhwkhohvv/ wkh uhjlphv slfnhg zhuh lqghhg fkdudfwhulvhg
dv exvlqhvv f|foh grzqwxuqv dqg h{sdqvlrqv1 Wr wdnh dq h{dpsoh/ lq wkh prgho zlwk
ef2c| dqg efDc| wkh hvwlpdwhg phdq iru efDc| lv =56 lq uhjlph rqh/ dqg =3< lq uhjlph
wzr +=54 dqg =37 iru ef2c|,1 Iljxuh 44 lq wkh dsshqgl{ uhsruwv wkh dffruglqj uhjlph
suredelolwlhv dqg frpsduhv wkhp zlwk wkh exvlqhvv frqglwlrqv yduldeoh efDc|1 Wkh w
ri uhjlphv wr h{sdqvlrqv dqg frqwudfwlrqv lv uhodwlyho| forvh= uhjlph rqh vsdqv iurp
shdnv wr wurxjkv dqg lv wkhuhiruh rqh ri d exvlqhvv f|foh frqwudfwlrq/ zklovw uhjlph
wzr lv zhoo fkdudfwhulvhg dv dq hfrqrplf h{sdqvlrq1 Wkh fkdudfwhulvdwlrq ri exvlqhvv
f|foh uhjlphv lv yhu| forvh wr wkrvh irxqg lq rwkhu/ xqlyduldwh Pdunry0vzlwfklqj






Wzr odjv suryh wr eh vx!flhqw wr dfklhyh d zhoo0vshflhg YDU1 Wklv vkrzv wkdw
wkh w ri wkh prghov lv pxfk ehwwhu lq d Pdunry0vzlwfklqj iudphzrun wkdq zkhq
qhjohfwlqj lw> lq wkh vwdqgdug YDU prghov/ d odj ohqjwk ri vl{ zdv qhhghg1 Wkh
uhvxowv ri plv0vshflfdwlrq whvwv55 fdq eh irxqg lq wkh dsshqgl{1 Wkh uhvwulfwlrqv
lpsrvhg rq wkh dxwruhjuhvvlyh sdudphwhuv ri wkh lqwhuhvw udwh htxdwlrq duh dffhswhg
zlwk d s0ohyho ri 31981
Lq wkh vhfrqg vwdjh ri wkh surfhgxuh/ vwuxfwxuh lv jlyhq wr wkh xquhvwulfwhg PV0
YDU1 Iljxuh 45 judskv wkh lpsxovh uhvsrqvhv wr d prqhwdu| srolf| vkrfn frqglwlrqdo
rq wkh vwdwh ri wkh hfrqrp|1 Lq erwk uhjlphv/ d wljkwhqlqj ri prqhwdu| srolf| ohdgv
wr d ghwhulrudwlrq ri exvlqhvv frqglwlrqv iru upv ri doo vl}h fodvvhv1 Wkh lqwhuhvwlqj
ihdwxuh ri jxuh 45 lv wkh glhuhqfh lq srolf| wudqvplvvlrq iru wkh wzr glhuhqw
uhjlphv1 Iru vrph vl}h fodvvhv/ lw lv qrw yhu| fohdu zkhwkhu wkhuh lv dq| glhuhqfh/
zkhuhdv wkhuh lv d yhu| fohdu fxw dqvzhu iru upv ri vl}h fodvv rqh= wkh vpdoohvw upv
idfh d pxfk vwurqjhu ghwhulrudwlrq ri exvlqhvv frqglwlrqv zkhq wkh hfrqrp| lv lq d
grzqwxuq1 Wkh pdjqlwxgh ri wkh pd{lpdo hhfwv pruh wkdq grxeohv= iurp 0618 wr
0:1:1 D gluhfw frpsdulvrq dfurvv vl}h fodvvhv lv surylghg lq wkh iroorzlqj wdeoh zklfk
55Wkh whvwv iroorz Kdplowrq +4<<9,1
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+lq wkh h{dpsoh ri vl}h fodvv rqh= 3.￿.
3￿￿D @5 =5,1
Vl}h Fodvv 45678
Dpsolfdwlrq idfwru 515 31: 413 41: 413
Wkh hylghqfh rq wkh dv|pphwulhv ryhu wkh exvlqhvv f|foh lv fohdu= lq d grzqwxuq/
wkh hhfw ri dq lqwhuhvw udwh vkrfn rq exvlqhvv frqglwlrqv lv pxfk vwurqjhu iru wkh
vpdoohvw upv/ wkxv ohdglqj wr pruh vhyhuh glvwulexwlrqdo hhfwv/ dv lv suhglfwhg e|
wkhru|1
91 H{shfwdwlrq Irupdwlrq
Wkh lir exvlqhvv vxuyh| lqfoxghv d txhvwlrq rq wkh h{shfwdwlrqv ri upv derxw
exvlqhvv frqglwlrqv iru wkh qh{w vl{ prqwkv1 Lq wklv vhfwlrq/ L zloo lqyhvwljdwh zkhwkhu
upv duh dfwxdoo| dzduh ri wkh lqwhuhvw udwh dqg h{fkdqjh udwh vhqvlwlylw| ri wkhlu
exvlqhvv frqglwlrqv1 Lq wklv fdvh/ wkh frqwhpsrudqhrxv lqwhuhvw udwh dqg h{fkdqjh
udwh vkrxog eh vljqlfdqw h{sodqdwru| yduldeohv iru exvlqhvv h{shfwdwlrqv> lqwhuhvw
udwhv vkrxog hqwhu zlwk d qhjdwlyh vljq/ h{fkdqjh udwhv zlwk d srvlwlyh vljq1
Qr ixuwkhu xvh ri lpsxovh uhvsrqvh dqdo|vlv zloo eh pdgh wr whvw wklv k|srwkh0
vlv1 H{shfwdwlrqv vkrxog lghdoo| lqfrusrudwh doo wkh dydlodeoh lqirupdwlrq lqvwdqwd0
qhrxvo|> wkh lpsxovh uhvsrqvh vkrxog khqfh rqo| frqvlvw ri rqh vlqjoh uhdfwlrq lq wkh
shulrg lq zklfk qhz lqirupdwlrq lv uhohdvhg1
Lq rughu wr lghqwli| wkh uhjuhvvruv surshuo|/ wkh lqirupdwlrq vhw ri upv dw wkh
srlqw lq wlph zkhq wkh h{shfwdwlrqv duh iruphg pxvw eh ghwhuplqhg1 Wkh txhvwlrq0
qdluhv duh vhqw rxw dw wkh hqg ri hdfk prqwk/ zlwk wkh exon ri wkh dqvzhuv duulylqj dw
wkh lir0Lqvwlwxwh lq wkh uvw zhhn ri wkh iroorzlqj prqwk1 Wkdw lv/ wkh h{shfwdwlrqv
yduldeoh gdwhg lq shulrg w grhv douhdg| lqfoxgh doo wkh lqirupdwlrq dydlodeoh dw wkh
hqg ri shulrg w1 Wkh lqwhuhvw udwh dqg wkh h{fkdqjh udwh vkrxog wkhuhiruh hqwhu dq|
uhjuhvvlrq frqwhpsrudqhrxvo|1 Wkh fdvh ri lq dwlrq lv glhuhqw1 Wkh jxuhv iru sh0
ulrg w duh qrupdoo| sxeolvkhg e| wkh Vwdwlvwlvfkhv Exqghvdpw lq wkh vhfrqg zhhn ri
shulrg w.4> e| wkhq/ wkh txhvwlrqqdluhv duh douhdg| oohg lq dqg vhqw edfn1 Wkhuh0
iruh lq dwlrq hqwhuv wkh uhjuhvvlrq zlwk rqh odj1 Wkh vdph lv wuxh iru prqh| jurzwk1
Wkh hduolhvw sxeolfdwlrq iurp zklfk prqhwdu| ghyhorsphqwv fdq eh lqihuuhg lv wkh
Exqghvedqn*v dqdo|wlfdo dffrxqwv1 Wkh| duh sxeolvkhg plg prqwk iru wkh suhfhglqj
prqwk1 Khqfh prqh| jurzwk/ wrr/ hqwhuv wkh lqirupdwlrq vhw ri upv zlwk dw ohdvw
rqh odj/ zklfk kdv wr eh uh hfwhg lq wkh prgho vshflfdwlrq1
Wkh hvwlpdwlrqv duh shuiruphg lq wkh irup ri xqlyduldwh huuru fruuhfwlrq prg0
hov xvlqj wkh wzr0vwhs hvwlpdwru sursrvhg e| Hqjoh dqg Judqjhu +4<;:,1 Wkh uvw
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udwh/ wkh h{fkdqjh udwh dqg odjjhg lq dwlrq dqg prqh| jurzwk dv h{sodqdwru| ydul0
deohv iru up*v h{shfwdwlrqv1 Lw wxuqv rxw wkdw prqh| jurzwk dqg lq dwlrq duh
lqvljqlfdqw/ khqfh wkh| duh gursshg lq wkh vxevhtxhqw hvwlpdwhv +vhh wdeoh < lq wkh
dsshqgl{ iru wkh vljqlfdqfh whvwv,1 Zlwk wklv qhz vshflfdwlrq/ wkh frlqwhjudwlrq
whvw lv sdvvhg iru doo up vl}h fodvvhv +uhvxowv ri wkh frlqwhjudwlrq whvwv duh vxssolhg
lq wdeoh 43 lq wkh dsshqgl{,1 Wkh frlqwhjudwlqj yhfwruv duh hvwlpdwhg dv=
Vl}h Fodvv 4= H{s| 4=53ef￿c| =4;Gh{u| .7=53l|
+3=3:, +3=37, +3=76,
Vl}h Fodvv 5= H{s| 4=43ef2c| =53Gh{u| .6=:8l|
+3=39, +3=37, +3=74,
Vl}h Fodvv 6= H{s| 4=36ef￿c| =4;Gh{u| .5=4<l|
+3=39, +3=37, +3=75,
Vl}h Fodvv 7= H{s| =:6efec| =4:Gh{u| .5=7<l|
+3=39, +3=37, +3=7:,
Vl}h Fodvv 8= H{s| =88efDc| =67Gh{u| .6=:7l|
+3=3:, +3=39, +3=93,
zkhuh wkh qxpehu lq eudfnhwv duh vwdqgdug huuruv1 Wkh lqwhuhvw udwh dozd|v hqwhuv
zlwk wkh fruuhfw vljq/ exw wkh sdudphwhu hvwlpdwhv gr qrw vljqlfdqwo| ghfuhdvh zlwk
lqfuhdvlqj up vl}h1 Vpdoo upv vhhplqjo| gr qrw wdnh wkhlu vwurqjhu lqwhuhvw udwh
vhqvlwlylw| lqwr dffrxqw zkhq wkh| irup h{shfwdwlrqv derxw wkhlu ixwxuh exvlqhvv
frqglwlrqv156
Rq wkh rwkhu kdqg/ wkh sdudphwhuv rq wkh h{fkdqjh udwh duh dv h{shfwhg1 Wkh|
doo kdyh wkh fruuhfw vljq/ dqg odujh upv gr lqghhg dwwulexwh d odujhu zhljkw wr
wkh h{fkdqjh udwh zkhq wklqnlqj derxw wkh ixwxuh ghyhorsphqw ri wkhlu exvlqhvv
frqglwlrqv1
D vhfrqg whvw dorqj wkh vdph olqhv fdq eh frqgxfwhg zlwk wkh dgmxvwphqw frhi0
flhqwv  lq wkh huuru fruuhfwlrq prghov




HFW|3￿ ghqrwhv wkh huuru fruuhfwlrq whup/ dqg wkh yhfwru [| frpsulvhv doo h{0
sodqdwru| yduldeohv/ lq wklv fdvh [| @^ H{s| ef￿c| Gh{u| l|`
￿1 Wkh odj ohqjwk s
zdv fkrvhq wr htxdo vl{ +vhh wdeoh 44 lq wkh dsshqgl{ iru plv0vshflfdwlrq whvwv,1
56W k hl q w h u s u h w d w l r qf d qd o v rj rw k hr w k h uz d |u r x q g /k r z h y h u =l wl vm x v wd vs r v v l e o hw k d wo d u j h
upv duh ryhuo| dzduh ri lqwhuhvw udwh fkdqjhv zkhq lw frphv wr h{shfwdwlrqv irupdwlrq1
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wkh vshhg ri dgmxvwphqw +phdvxuhg e| wkh 0frh!flhqwv, ydulhv dfurvv vl}h fodvvhv=
vpdoo upv kdyh wkh kljkhvw / dqg dv vxfk jhw wkhlu h{shfwdwlrqv edfn wr htxlole0
ulxp wkh idvwhvw157 Wkh uhodwlrqvkls lv qrw prqrwrqlf/ krzhyhu/ zklfk lv lq olqh zlwk
wkh hduolhu qglqjv1 Vpdoo upv duh klw uhodwlyho| kdug e| prqhwdu| srolf| vkrfnv/
zkhuhdv odujh upv duh dhfwhg uhodwlyho| vwurqjo| e| h{fkdqjh0udwh pryhphqwv1 Lw
frxog eh h{shfwhg wkdw wkrvh upv/ zklfk duh wkh prvw vhqvlwlyh wr pdfurhfrqrplf
ixqgdphqwdov/ dgmxvw wkhlu h{shfwdwlrqv wkh idvwhvw1 Dv d pdwwhu ri idfw/ wkh hvwl0
pdwhg dgmxvwphqw frh!flhqwv lqfuhdvh djdlq iru upv ri vl}h fodvv 81 Lq ghwdlo/ wkh
hvwlpdwhv ri  iru wkh glhuhqw prghov +zlwk vwdqgdug huuruv lq eudfnhwv, duh
Vl}h Fodvv 4 Vl}h Fodvv 5 Vl}h Fodvv 6 Vl}h Fodvv 7 Vl}h Fodvv 8
e  014: +139, 0147 +138, 013; +138, 013< +138, 0145 +138,
Wkh h{srvxuh wr hfrqrplf ixqgdphqwdov olnh lqwhuhvw udwh dqg h{fkdqjh udwh
ghyhorsphqwv ghwhuplqhv wkh vshhg ri dgmxvwphqw= wkh vpdoohvw dqg odujhvw upv
vkrz d kljkhu dgmxvwphqw frh!flhqw lq wkh htxloleulxp fruuhfwlrq1
:1 Frqfoxvlrq
Wklv sdshu kdv surylghg hpslulfdo whvwv iru k|srwkhvhv irupxodwhg lq fdslwdo pdunhw
lpshuihfwlrq wkhrulhv/ fodlplqj d kljkhu h{srvxuh ri vpdoo upv wr prqhwdu| srolf|
wljkwhqlqjv zkhq frpsduhg wr odujh upv1 Wkh gdwd vhw dqdo|vhg frqvlvwv ri upv*
djjuhjdwhg dqvzhuv iurp d exvlqhvv vxuyh|1 Wkh gdwd lv vsolw lqwr d zlgh udqjh ri vl}h
fodvvhv/ vsdqqlqj upv zlwk 407< hpsor|hhv wr upv zlwk pruh wkdq 4/333 hpsor|hhv1
Lq wklv zd|/ d vdpsoh eldv wrzdugv odujh upv zklfk lv suhvhqw lq pdq| gdwd vhwv
lv dyrlghg1 Wkh exvlqhvv vxuyh| lv frqgxfwhg rq d prqwko| edvlv/ zklfk doorzv iru
dq dqdo|vlv dw d pxfk kljkhu iuhtxhqf| wkdq wkh xvxdo gdwd vhwv rq vpdoo upv
+prvwo| dqqxdo edodqfh vkhhw gdwd ru txduwhuo| qdqfldo uhsruwv,1 Wkh grzqvlgh
ri wkh gdwd vhw lv srvvleoh dpeljxlwlhv/ ehfdxvh wkh vxuyh| txhvwlrqv frqfhuq qrq0
txdqwldeoh lwhpv vxfk dv wkh jhqhudo dvvhvvphqw ri exvlqhvv frqglwlrqv1 Lw kdv ehhq
vkrzq/ krzhyhu/ wkdw wkh vhulhv srvvhvv jrrg ohdglqj lqglfdwru txdolwlhv dqg fruuhodwh
forvho| zlwk wkh exvlqhvv f|foh frpsrqhqwv ri lqgxvwuldo surgxfwlrq1 Wkhuhiruh/ wkh
gdwd txdolw| fdq eh frqvlghuhg dv dghtxdwh iru uhvhdufk rq pdfurhfrqrplf lvvxhv1
Wkh hpslulfdo uhvxowv vwurqjo| idyrxu wkhrulhv ri dv|pphwulf prqhwdu| srolf|
hhfwv1 Wkh exvlqhvv frqglwlrqv ri doo upv ghwhulrudwh diwhu d prqhwdu| wljkwhq0
lqj/ exw wkrvh ri vpdoo upv gr vr pxfk pruh1 Dv d frqvhtxhqfh/ vpdoo upv duh
57Wklv lv qrw d whvw ri zkhwkhu upv irup udwlrqdo h{shfwdwlrqv1 Prghvwr +4<;<, kdv vkrzq wkdw
vxfk d whvw fdqqrw eh shuiruphg zlwk djjuhjdwhg exvlqhvv vxuyh| gdwd= hyhq li doo upv duh udwlrqdo/
wkh djjuhjdwhg vhulhv fdq vkrz dxwruhjuhvvlyh surshuwlhv dqg wkxv idlo udwlrqdolw| whvwv1
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 diwhu lqwhuhvw udwh lqfuhdvhv> wklv vkliw lq wkhlu uhodwlyh srvlwlrq
fdxvhv glvwulexwlrqdo hhfwv ri prqhwdu| srolf| lq wkdw wkh exughq ri dgmxvwphqwv
lv xqhyhqo| vkduhg ehwzhhq upv ri glhuhqw vl}h1 Lw kdv ixuwkhupruh ehhq vkrzq
wkdw wkhvh dv|pphwulhv duh dxjphqwhg lq exvlqhvv f|foh grzqwxuqv1 Frpsduhg wr
h{sdqvlrqv/ wkh glvwulexwlrqdo hhfwv duh pruh surqrxqfhg1
Wkh sdshu kdv dovr wulhg wr glvhqwdqjoh wkh prqhwdu| srolf| hhfwv1 D wljkwhqlqj
ri prqhwdu| srolf| lv wudqvplwwhg yld vhyhudo fkdqqhov1 Zkhuhdv vpdoo upv duh
dhfwhg glvsursruwlrqdwho| e| wkh edodqfh vkhhw dqg fuhglw fkdqqho/ odujh upv vxhu
pruh iurp wkh frqvhtxhqw h{fkdqjh0udwh dssuhfldwlrq1 Dq dqdo|vlv ri ghpdqg0vlgh
idfwruv kdv ehhq shuiruphg lq rughu wr glvwlqjxlvk vxsso|0vlgh iurp ghpdqg0vlgh
hhfwv1 Ghpdqg vhhpv wr dfw dv d glvfulplqdwlqj ghylfh/ wrr1 Krzhyhu/ hyhq diwhu
dffrxqwlqj iru glhuhqfhv lq wkh uhvsrqvhv ri uhodwlyh ghpdqg vlwxdwlrqv ri vpdoo yv1
odujh upv wkhuh lv vwloo d vljqlfdqw glvwulexwlrqdo hhfw ri prqhwdu| srolf| lq wkh
gdwd1 Ghpdqg0vlgh idfwruv fdq wkxv whoo rqo| sduw ri wkh vwru|/ zlwk wkh exon ehlqj
ohiw iru vxsso|0vlgh idfwruv1 Hyhq wkrxjk lw zdv qrw srvvleoh wr whvw wkh lpsruwdqfh
ri qdqfldo lvvxhv zlwk wkh dydlodeoh gdwd/ wklv lv wkh pdlq fulwhulrq wkdw frphv wr
plqg zkhq wklqnlqj derxw xqhyhq hhfwv ri lqwhuhvw udwh fkdqjhv1 Wkh hpslulfdo
qglqjv ri wklv sdshu wkhuhiruh vwurqjo| vxssruw wkhrulhv zklfk suhglfw dv|pphwulf
hhfwv ri prqhwdu| srolf|/ dqg fdqqrw uhmhfw wkhrulhv wkdw dwwulexwh vxfk hhfwv wr
qdqfldo idfwruv1
Ilqdoo|/ vrph h{sorudwlrqv ri wkh h{shfwdwlrqv irupdwlrq ri upv kdyh ehhq shu0
iruphg1 Lw lv irxqg wkdw wkh lpsruwdqfh ri lqwhuhvw udwhv iru exvlqhvv frqglwlrqv lv
qrw dozd|v ixoo| uhfrjqlvhg/ exw upv zklfk duh pruh h{srvhg wr prqhwdu| srolf|
vkrfnv vkrz d kljkhu vshhg ri dgmxvwphqw lq htxloleulxp fruuhfwlrqv1 Rq wkh rwkhu
kdqg/ wkh uroh ri wkh h{fkdqjh udwh vhhpv wr eh shufhlyhg surshuo| e| upv erwk lq
h{shfwdwlrqv irupdwlrq dqg lq wkh vshhg ri dgmxvwphqw1
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A. Appendix
A.1. Transformation of Business Survey Data for the Empirical Analysis
Wkh wudqvirupdwlrq dssolhg wr wkh exvlqhvv vxuyh| gdwd vhulhv lv edvhg rq wkh dv0
vxpswlrq wkdw wkh gdwd iroorzv d orjlvwlf prgho1 Prvw ri wkh wlph/ lw fdq eh h{shfwhg
wkdw wkh yduldeohv foxvwhu durxqg phglxp ydoxhv lq wkh udqjh/ vd|/ ^=8>=8`1 Rqo|
li wkh pdfurhfrqrplf frqglwlrqv ehfrph yhu| +xq0,idyrxudeoh fdq lw eh h{shfwhg
wkdw wkh vhulhv frph forvh wr wkhlu h{wuhph ydoxhv ri 	41 Lq rughu wr pdnh 433(
ri doo upv dqvzhu wkdw wlphv duh zruvh2ehwwhu/ wkh frqglwlrqv pxvw eh yhu| vhyhuh/
hvshfldoo| ehfdxvh wkh gdwd duh qrw glvdjjuhjdwhg dffruglqj wr lqgxvwu|1 Lqghhg/
wkh dfwxdo udqjh ri wkh vhulhv lv idu iurp klwwlqj wkh erughuolqh fdvhv1 Wklv phdqv/





|qn0|  4> +D14,
zkhuh wkh {| duh wkh xvxdo h{sodqdwru| yduldeohv ri d uhjuhvvlrq prgho1 Wkh
pxowlsolfdwlrq e| wkh idfwru 5 dqg wkh vxewudfwlrq ri 4 hqvxuh wkdw wkh gdwd dfwxdoo|
olh lq wkh udqjh ^4>4` +iru {￿
| . %| $4 >| | $ 4>i r u{￿
| . %| $ 4 >| | $ 4,1
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A.2. The KPSW-Approach to Identification in Structural Vector Autoregressions
Vwuxfwxudo Yhfwru Dxwruhjuhvvlrqv +VYDUv, jr edfn wr wkh vhplqdo duwlfoh e| Vlpv
+4<;3,1 Wkh| dvvxph wkdw wkh hfrqrp| fdq eh ghvfulehg e| d g|qdplf/ vwrfkdvwlf/
olqhdu prgho ri wkh irup=
Df[| @ D￿[|3￿ . === . D&[|3& . | @ D+O,[|3￿ . | +D16,
zlwk | q llg Q+3>	>,/ zkhuh [| uhsuhvhqwv dq q{40yhfwru ri hqgrjhqrxv ydul0
deohv/ lqfoxglqj rqh ru vhyhudo lqvwuxphqw yduldeohv/ dqg O ghqrwhv wkh odj rshudwru1
Wkh hvwlpdwlrq surfhhgv zlwk wkh uhgxfhg irup
[| @ F￿[|3￿ . === . F&[|3& . %| @ F+O,[|3￿ . %| +D17,
zlwk F￿ @ D3￿
f D￿ dqg %| @ D3￿
f |1 Hvwlpdwhv fdq eh irxqg iru wkh frh!flhqw
pdwulfhv F￿ dqg wkh yduldqfh0fryduldqfh pdwul{ ri wkh glvwxuedqfhv %|/ 	01 Krzhyhu/
ri lqwhuhvw duh wkh sdudphwhuv lq wkh pdwulfhv D￿ dqg 	>/ zklfk duh h{dfwo| lghqwlhg
li q2 sdudphwhuv duh uhvwulfwhg1 D uvw vhw ri uhvwulfwlrqv lv irxqg e| wkh dvvxpswlrq
ri xqfruuhodwhg vwuxfwxudo huuruv +l1h1/ 	> gldjrqdo, dqg e| qrupdolvlqj wkh gldjrqdo
hohphqwv wr xqlw|/ |lhoglqj 	> @ H+|
￿
|,@L?/ zklfk lpsrvhv q+q.4,@5 uhvwulfwlrqv1
Khqfh/ ixuwkhu q+q  4,@5 uhvwulfwlrqv duh qhhghg1 Vlpv +4<;3, xvhg d uhfxuvlyh
vwuxfwxuh wr dfklhyh lghqwlfdwlrq/ zkhuhdv vxevhtxhqw frqwulexwlrqv h{whqghg wkh
udqjh ri lghqwlfdwlrq vfkhphv e| uhvwulfwlqj sdudphwhuv lq ydulrxv pdwulfhv ri wkh
v|vwhp1 Dprqjvw wkhvh duh NSVZ +4<<4,1 Wkh| kdyh vkrzq wkdw frlqwhjudwlrq
surshuwlhv ri wkh gdwd fdq eh xvhg iru lghqwlfdwlrq sxusrvhv1 D frlqwhjudwhg YDU
prgho/ zklfk lv lq lwv Yhfwru Huuru Fruuhfwlrq irupdw +Mrkdqvhq 4<<8= 7807<,=
[| @ ￿[|3￿ .
&3￿ [
￿’￿
￿[|3￿ . %| +D18,
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￿’￿ ￿1 Htxdwlrq +D19, vkrzv wkdw wkh uhsuhvhqwdwlrq lq ohyhov lv frpsrvhg




￿’￿%￿ dqg wkh vwdwlrqdu| sduw
ri FW+O,%|1
Wkh lghd ehklqg NSVZ lv wr ghfrpsrvh wkh vkrfnv % lqwr u vkrfnv wkdw kdyh rqo|
wudqvlwru| hhfwv +rq wkh ohyhov ri wkh yduldeohv,/ dqg q  u vkrfnv zlwk shupdqhqw
hhfwv +zlwk u ghqrwlqj wkh qxpehu ri frlqwhjudwlrq uhodwlrqv,1 Wklv lv dfklhyhg e|








Wkh pdwul{ V kdv wr vdwlvi| VF 9@3 1 Lw iroorzv wkdw wkh qhz vhw ri yduldeohv
frqvlvwv ri qu qrq0vwdwlrqdu| dqg u vwdwlrqdu| yduldeohv1 Wkh vwdwlrqdu| yduldeohv
duh lghqwlfdo wr wkh frlqwhjudwlqj yhfwruv> wkhlu vwdwlrqdulw| iroorzv ehfdxvh ￿F @3








%￿ . ￿FW+O,%| . ￿D @ ￿FW+O,%| +D1;,
Wklv v|vwhp qhhg qrw eh lghqwlhg ixoo|> sduwldo lghqwlfdwlrq ri hlwkhu wkh wudq0
vlwru| ru wkh shuvlvwhqw vkrfnv lv dovr srvvleoh1 Wklv dprxqwv wr wkh lpsrvlwlrq ri
u+qu, lghqwlfdwlrq uhvwulfwlrqv e| vhwwlqj wkh dffruglqj fryduldqfhv ri wkh vkrfnv
wr }hur1 Wkhvh uhvwulfwlrqv kdyh ehhq whvwhg iru e| wkh whvw iru wkh frlqwhjudwlqj udqn1
Lqvwhdg/ krzhyhu/ d glhuhqw nlqg ri lghqwlfdwlrq uhvwulfwlrq lv qhhghg/ qdpho| d
ghflvlrq lq zklfk sduw ri wkh v|vwhp wkh vxssrvhg vkrfn lv wr eh irxqg +olnh lq wkh
frqwh{w ri wkh suhvhqw sdshu/ zkhuh wkh prqhwdu| srolf| vkrfn lv lghqwlhg lq wkh
wudqvlwru| vxev|vwhp,1 Wklv uhvwulfwlrq fdqqrw eh whvwhg dqg kdv wr eh mxvwlhg e|
hfrqrplf wkhru|1
Wr lghqwli| wkh vxev|vwhpv/ dgglwlrqdo xqwhvwhg lghqwlfdwlrq uhvwulfwlrqv duh
qhfhvvdu|1 Li rqo| wkh vkrfnv zlwk shupdqhqw hhfwv duh ri lqwhuhvw/ wkhq +qu,+q
u 4,@5 dgglwlrqdo lghqwlfdwlrq uhvwulfwlrqv duh qhhghg1 Lq sduwlfxodu/ zkhuh wkhuh
duh u @ q  4 frlqwhjudwlrq uhodwlrqv/ qr dgglwlrqdo lghqwlfdwlrq uhvwulfwlrqv kdyh
wr eh lpsrvhg1 Vkrxog wkh vkrfnv ri lqwhuhvw eh wkh wudqvlwru| rqhv/ wkhq u+u4,@5
dgglwlrqdo uhvwulfwlrqv duh vx!flhqw1
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folp4 0189 017; 0165 013: 155 183 1:3 1:< 1:9 198 17; 164 148
folp5 018< 0185 0168 013< 155 185 1:6 1;5 1:; 199 183 166 14<
folp6 0195 0189 016< 0146 14< 17< 1:5 1;5 1;3 19; 185 168 14<
folp7 0198 018< 0176 0148 14; 183 1:6 1;6 1:< 199 17< 164 149
folp8 019< 0199 0185 0159 13; 175 19: 1:; 1:7 193 176 15: 148
Wdeoh 6= Furvv0fruuhodwlrqv zlwk lqgxvwuldo surgxfwlrq/ txduwhuo| edqgsdvv0owhuhg
yduldeohv
Wkh qxpehuv duh fruuhodwlrqv ri wkh uhvshfwlyh yduldeohv zlwk lqgxvwuldo rxwsxw1 Iru
odj n/ wkh fruuhodwlrqv duh ghqhg ehwzhhq rxwsxw| dqg yduldeoh|3&1Ds r v l w l y hn lqglfdwhv
khqfh wkh ohdg ri d yduldeoh zlwk uhvshfw wr wkh exvlqhvv f|foh1 Wkh yduldeohv duh= exvlqhvv
frqglwlrqv +ef, iru upv ri vl}h fodvv 4 wr 8 +4@vpdoohvw/ 8@odujhvw,/ exvlqhvv h{shfwdwlrqv
+h{s, dqg wkh lir exvlqhvv folpdwh lqgh{ +folp,1
Prgho ls| ef￿c| ef2c| ef￿c| efec| efDc|
u @3 @ ;;1;: <3149 ;;134 <719; <4197 <9139
u @4 K 7;186 7<158 7915< 7;199 791;9 87183
u @5 S 4:1:;- 5414: 5314< 551<5 54146 5816:
u @6 _ 8135- 715:- 7199- 7193- 8198- 71:8-
@ fulwlfdo ydoxhv= <8(= 7:154> <<(= 861<4> K <8(= 5<16;> <<(= 671;:> S <8(= 48167> <<(=
4<19<> _ <8(= 61;7> <<(= 9197
Wdeoh 7= Wudfh Vwdwlvwlfv iru wkh Whvw ri Frlqwhjudwlrq Udqn ri wkh edvholqh prgho=
Gp|>l |/ | dqg d exvlqhvv f|foh yduldeoh
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"2+6, <143 91;6 81<: 71;5 61<7 914:
s0ydoxh s1s6 313; 3144 314< 315: 3143
Wdeoh 8= Whvw iru wkuhh frlqwhjudwlqj yhfwruv= ls| ru ef￿c|/ uhdo lqwhuhvw udwhv dqg
vxshuqhxwudolw| ri prqh|> edvholqh prgho= Gp|>l |/ | dqg d exvlqhvv f|foh yduldeoh
Prgho ghp￿c| ghp2c| ghp￿c| ghpec| ghpDc|
u @3 @ ;51;7 ;6188 ;<1;4 ;:137 ;419<
u @4 K 74187 6<1<: 79177 77174 73197
u @5 S 53167 53165 4<19;- 53145 4<19;-
u @6 _ 5175-- 6139-- 613;-- 61;4-- 6164--
@ fulwlfdo ydoxhv= <8(= 7:154> <<(= 861<4> K <8(= 5<16;> <<(= 671;:> S <8(= 48167> <<(=
4<19<> _ <8(= 61;7> <<(= 9197
Wdeoh 9= Wudfh Vwdwlvwlfv iru wkh Whvw ri Frlqwhjudwlrq Udqn/ edvholqh prgho zlwk
Gp|>l |/ | dqg ydu|lqj ghpdqg yduldeohv
Prgho ghp￿c| ghp2c| ghp￿c| ghpec| ghpDc|
"2+6, ;197 :15< 91:5 91:5 91;4
s0ydoxh 3136 3139 313; 313; 313;
Wdeoh := Whvw iru wkuhh frlqwhjudwlqj yhfwruv= ghpdqg/ uhdo lqwhuhvw udwhv dqg
vxshuqhxwudolw| ri prqh|> prgho zlwk Gp|>l |/ | dqg ydu|lqj ghpdqg yduldeohv
Dxwrfruuhodwlrq DUFK Pdunry fkdlq
Htxdwlrq 4 4153 +3164, 3135 +31;<, 4174 +3156,
Htxdwlrq 5 513< +313;, 6155 +313:, 3136 +4133,
Htxdwlrq 6 316: +31;6, 4183 +3155, 6136 +3135,-
V|vwhp 4136 +3175, 4165 +3145, 5134 +3138,
Whvwv duh iru rplwwhg dxwrfruuhodwlrq/ rplwwhg DUFK dqg plv0vshflfdwlrq ri wkh
Pdunryldq g|qdplfv1 Qxpehuv lq eudfnhwv duh s0ydoxhv1
Wdeoh ;= Plv0vshflfdwlrq whvwv iru wkh PV0YDU prgho rq exvlqhvv frqglwlrqv=
ef2c|>ef Dc|>u |
Vl}h Fodvv 4 Vl}h Fodvv 5 Vl}h Fodvv 6 Vl}h Fodvv 7 Vl}h Fodvv 8
"2+5, 9137 +3138, 71<8 +313;, 914< +3138, 6145 +3154, 7165 +3145,
Wdeoh <= Mrlqw whvw iru vljqlfdqfh ri prqh| jurzwk dqg lq dwlrq lq wkh
h{shfwdwlrq irupdwlrq
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w0dgi 07198-- 0713<-- 0615;- 06188-- 06144-
w0vwdwlvwlfv iurp dq dxjphqwhg Glfnh|0Ixoohu whvw> Fulwlfdo Ydoxhv= 8(@051;:: 4(@06179:
Wdeoh 43= Frlqwhjudwlrq dqdo|vlv iru wkh h{shfwdwlrq0htxdwlrqv
Dxwruhjuhvvlrq DUFK Qrupdolw| "2
Vl}h Fodvv 4 317< +31;7, 4168 +3156, 61;: +3147, 4145 +3163,
Vl}h Fodvv 5 31<< +3177, 41;; +313;, 3166 +31;8, 413: +316;,
Vl}h Fodvv 6 3198 +31:5, 31<5 +317<, 413: +318;, 31<7 +318<,
Vl}h Fodvv 7 3198 +31:4, 4139 +316<, 314; +31<4, 31<8 +318:,
Vl}h Fodvv 8 31<; +3178, 31;5 +318:, 3168 +31;7, 4147 +315;,
Whvwv duh iru uhvlgxdo vhuldo fruuhodwlrq/ uhvlgxdo DUFK/ qrq0qrupdolw| dqg
khwhurvfhgdvwlflw|1 Qxpehuv lq eudfnhwv duh s0ydoxhv1
Wdeoh 44= Plv0vshflfdwlrq whvwv iru wkh h{shfwdwlrq htxdwlrqv
Business Conditions







Iljxuh 4= Exvlqhvv frqglwlrqv ri upv ri vl}h fodvv 4 +vpdoohvw, dqg 8 +odujhvw,
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Iljxuh 5= Exvlqhvv h{shfwdwlrqv ri upv ri vl}h fodvv 4 +vpdoohvw, dqg 8 +odujhvw,
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size class 1 (smallest)

































Bus. Conditions (left scale)
Output (right scale)
size class 5 (largest)























Iljxuh 6= Exvlqhvv frqglwlrqv dqg lqgxvwuldo surgxfwlrq/ edqgsdvv owhuhg txdu0
whuo| vhulhv
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size class 1 (smallest)























Bus. Expectations (left scale)
Output (right scale)
size class 2










size class 5 (largest)























Iljxuh 7= Exvlqhvv h{shfwdwlrqv dqg lqgxvwuldo surgxfwlrq/ edqgsdvv owhuhg
txduwhuo| vhulhv
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Iljxuh 8= Uhvsrqvhv wr d prqhwdu| srolf| vkrfn/ edvholqh prgho
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4 vs. 5



























































Iljxuh 9= Uhvsrqvhv ri wkh uhodwlyh exvlqhvv frqglwlrqv ri upv +￿￿c|,w rd
frqwudfwlrqdu| prqhwdu| srolf| vkrfn
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Iljxuh := Uhvsrqvhv ri wkh uhodwlyh exvlqhvv frqglwlrqv ri upv +￿￿c|,w rd q
h{fkdqjh udwh vkrfn +ghsuhfldwlrq,
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Iljxuh ;= Uhvsrqvhv ri ghpdqg wr d prqhwdu| srolf| vkrfn
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Iljxuh <= Uhvsrqvhv ri wkh uhodwlyh ghpdqg srvlwlrqv ri upv +￿￿c(|,w rd
frqwudfwlrqdu| prqhwdu| srolf| vkrfn
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Iljxuh 43= Uhvsrqvhv ri wkh uhodwlyh exvlqhvv frqglwlrqv ri upv +￿￿c|,w rd
frqwudfwlrqdu| prqhwdu| srolf| vkrfn lq d prgho zlwk ghpdqg
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Smoothed Probability of being in Regime 1






Smoothed Probability of being in Regime 2






Business Conditions, Large Firms







Iljxuh 44= Uhjlph suredelolwlhv iru wkh Pdunry0vzlwfklqj YDU zlwk exvlqhvv
frqglwlrqv
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SC 1, s=1









































































Iljxuh 45= Vwdwh0ghshqghqw uhvsrqvhv wr d prqhwdu| srolf| vkrfn
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